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PREFACE   TO   THE   GERMAN   EDITION. 


After  the  appearance  of  the  first  Swedish  edition  of  this  text- 
bOoky  I  was  asked  by  several  co-laborers  abroad  to  provide  a  German 
translation,  which  was  at  that  time  impossible,  for  several  reasons. 
But  I  foand  it  very  difficult  to  decline  a  similar  proposal  which  I 
received  from  many  colleagues  after  the  second  edition  appeared. 

I  yielded,  therefore,  to  their  expressed  wishes  ;  but  I  found  after 
a  time  that  it  was  impossible  to  obtain  a  translator  in  this  special 
province  of  science,  notwithstandiug  the  unwearied  exertions  of  my 
publisher.  Nothing  remained  for  me  but  to  undertake  the  trans- 
lation myself ;  hence  I  ask  the  reader's  indulgence  for  possible 
idiomatic  or  orthographic  errors. 

Specialists  will  at  once  perceive  that  the  book  before  us  is  not 
a  complete  or  detailed  text-book.  My  intention  was  merely  to 
supply  students  and  physicians  with  a  condensed  and  as  far  as  pos- 
sible objective  representation  of  the  principal  results  of  physiologico- 
chemical  research  and  also  with  the  principal  features  of  physio- 
logico-chemical  methods  of  work.  It  seems  to  me  that  I  have 
followed  a  common,  practical,  even  if  not  strictly  correct  usage  in 
allowing  space  in  this  book  to  the  more  important  pathologico- 
chemical  facts,  although  I  have  given  the  book  the  title  Text- 
book of  Physiological  Chemistry. 

The  arrangement  of  subject-matter,  which  deviates  considerably 
from  that  generally  followed  in  text-books,  was  caused  by  the 
manner  in  which  physiological  chemistry  is  studied  in  Sweden. 
Here  physiologico-  and  pathologico-chemical  laboratory  practice  is 
obligatory  for  all  students  of  medicine.  In  the  arrangement  of 
such  practical  work  I  continually  kept  in  view  that  it  should  not 


vj  i*UMifAC'M  TO  TUH  O HUMAN  JCDITION. 

o^fieijiC  *A  it^jluUiii,  ifurely  ttSy^HiUml  or  MUMlyi\t;4^:ht;m\cM]  probleniB, 
l;ui  tiittt  iilwuya,  MM  far  nu  iMMnihlUfii  uhouid  go  iiaiid  in  baud  with 
liiK  niudy  t4  ilm  differeut  ';lmpter«  of  cbeniical  pbyniology. 

Thts  Miudy  of  (iliytsioli^gi/MMfhemiciil  proc45twe«  within  the  animal 
U/^iy  umai  inatusditi  iUa  kimly  of  lU  (UfmpontiUt  parUi,  ito  fluids  and 
tiMUbd',  uutl  thiw  liitUtr  Mtudy,  mtaurtiiug  to  my  experience^  will  then 
only  iimi/irii  truo  iuteroMt  if  iUa  uiuAy  of  the  phyHiologieal  signifi- 
tiani'M  of  Unmu  tutm\nnnshi  {jurU  be  <;loM;ly  pursued  in  connection 
with  that  of  the  tniiiNfoniuitioiiN  which  take  place  in  these  fluids 
and  tiMSues. 

Ill  view  of  this  arraiiguiiieiit  of  subjectt- matter,  and  in  order  to 
rHiMlor  my  hook  of  greater  interest  and  utility  to  those  who  do  not 
wish  to  take  eogiiixaiine  of  its  analytico-chemiciil  p:irt,I  have  dis- 
tiiigiiisheil  tlio  latter  by  dilTereiit  setting  of  the  typo.  With  the  excep- 
tion of  urinary  analysisi  wliitdi  priustieally  is  of  particular  impor- 
taiMio  anti  whioli  has  been  treated  somewhat  elaborately,  this  part  in 
gnneral  (bipints  only  the  main  pttints  in  the  methods  of  preparation 
and  of  anal.Ytioul  methods,  The  instructor  who  superintends  the 
laborattiry  praetiiH)  auil  who  chooses  tlie  problems  for  work  has 
ample  opportunity  to  give  the  beginner  the  necessary  advanced 
ilii'uetimiri,  ami  fur  the  more  ex|H)rieniHHl  student,  as  well  as  for  the 
speeialist,  the  excellent  works  of  UoprK-SKYLBK,  Nkubaubr-Uup- 
i*KH'l',  ami  others  render  mere  explicit  direi^tions  8U)H>rfluous. 

Olok  Hammaksten. 


TRANSLATOR'S  PREFACE. 


Ekowikg  the  demands  of  the  medical  student  and  practising 
physician  for  a  more  extended  knowledge  of  physiological  chem- 
istry,  and  at  the  same  time  knowing  the  lack  of  literature  on 
this  subject  in  the  English  language,  I  have  been  led  to  make  a 
translation  of  this  most  admirable  work.  The  subject  of  physiological 
chemistry  is  being  more  and  more  advanced  in  this  country,  until  it 
will  soon  become  an  obligatory  study  in  our  medical  schools,  and 
the  enlargement  of  the  literature  on  the  subject  will  greatly  help  its 
progress. 

It  will  be  seen  at  a  glance  that  the  work  is  well  suited  as  a 
laboratory  book,  for  it  contains  the  best  methods  for  the  prepara- 
tion, detection,  and  quantitative  estimation  of  most  of  the  substances 
found  in  the  organism  and  its  excretions  and  secretions.  At  the 
author's  request  I  have  made  no  additions  or  changes  whatsoever  in 
the  manuscript,  and  it  may  appear  that  some  of  the  methods  de- 
scribed, especially  on  the  urine,  are  too  lengthy  and  troublesome 
for  the  practising  physician;  still  the  quick  or  clinical  methods  are 
well  described  in  smaller  hand-books  on  the  subject.  In  the  work 
of  translation  I  have  adhered  as  closely  as  possible  to  the  author's 
enlarged  German  edition  and  also  the  original  Swedish  edition, 
and  therefore  the  literary  errors  will  perhaps  be  pardoned. 

I  must  here  express  my  appreciation  to  Mon.  A.  Bourgouonon 
who  has  kindly  gone  carefully  over  the  manuscript  and  read  the 
proof-sheets. 

J.  A.  Mandel. 
New  York,  October,  1893. 
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PHYSIOLOGICAL   CHEMISTRY. 


CHAPTER  I. 

INTRODUCTION. 

It  follows  from  the  law  of  the  conservation  of  force  and  matter 
that  living  beings,  plants  and  animals,  can  neither  produce  new 
matter  nor  new  force.  They  are  only  called  upon  to  appropriate 
and  assimilate  already  existing  material  and  to  transform  it  into 
new  forms  of  force. 

Out  of  a  few  relatively  simple  combinations,  especially  carbon 
dioxide  and  water,  together  with  ammonium  compounds  or  nitrates, 
and  a  few  mineral  substances,  which  serve  as  its  food,  the  plant 
builds  up  the  extremely  complicated  constituents  of  its  organism, 
albumins,  carbohydrates,  fats,  resins,  organic  acids,  etc.  The 
chemical  work  which  is  performed  in  the  plant  must  therefore,  in 
the  majority  of  cases,  consist  in  syntheses;  but  besides  these, 
processes  of  reduction  take  place  to  a  great  extent.  The  vis  viva 
of  the  sunlight  induces  the  green  parts  of  the  plant  to  split  oft  oxy- 
gen from  the  carbon  dioxide  and  water,  and  therefore  the  chief 
constituents  of  the  plant  contain  less  oxygen  than  the  material  serv- 
ing as  food.  The  vis  viva  of  the  sun,  which  produces  this  splitting, 
is  not  lost ;  it  is  only  transformed  into  another  form  of  force,  into 
the  potential  energy  or  chemical  tension  of  the  free  oxygen  on  the 
one  side  and  the  combinations  less  oxygenated  produced  by  the 
synthesis,  on  the  other  side. 

These  conditions  are  not  the  same  in  animals.  They  are  de- 
pendent either  directly,  as  the  herbivora,  or  indirectly,  as  the  car- 
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nivora,  upon  plant-life,  from  which  they  derive  the  three  chief 
groDps  of  organic  nutritive  matter— pro teids,  carbohydrates,  and 
fat.  Theae  bodies,  of  which  the  protein  substances  and  fat  form 
the  chief  mass  of  the  animal  body,  undergo  within  the  animal 
organiem  a  splitting  and  oxidation,  and  yield  as  final  products  ex- 
actly the  above-mentioned  chief  components  of  the  nutrition  of 
plants,  namely,  carbon  dioxide,  water,  and  ammonia  derivatives, 
which  are  rich  in  oxygen  and  have  a  feeble  chemical  tension.  The 
chemical  tension,  which  is  partly  combined  with  the  free  oxygen 
and  partly  stored  up  in  the  above-mentioned  more  complex  chemi- 
cal compounds,  is  transformed  into  vis  viva,  heat,  and  mechanical 
work.  While  in  the  plant  reduction  processes  and  syntheses,  which 
are  active  in  the  conversion  of  living  force  into  potential  energy  or 
chemical  tension,  are  the  prevailing  forces,  we  find  in  the  animal 
body  the  reverse  of  this,  namely,  splitting  and  oxidation  processes, 
which  convert  chemical  tension  into  living  force  {vis  viva). 

This  difference  between  animals  and  plants  mnat  not  be  over- 
rated, nor  mnst  we  consider  that  there  exists  a  sharp  boundary-line 
between  the  two.  This  is  not  the  case.  There  are  not  only  lower 
plants,  free  from  chlorophyll,  which  in  regard  to  chemical  processes 
represent  intermediate  steps  between  higher  plants  and  animals, 
but  the  difference  existing  between  the  higher  plants  and  animals 
is  more  of  a  quantitative  than  a  qualitative  kind.  Plants  require 
oxygen  as  peremptorily  as  do  animals.  Like  the  animal,  the  plant 
also,  in  the  dark  and  by  means  of  those  parts  which  are  free  from 
chlorophyll,  takes  up  oxygen  and  eliminates  carbon  dioxide,  while 
in  the  light  the  oxidation  processes  going  on  in  the  green  parts  are 
overshadowed  or  hidden  beneath  the  more  intense  reduction  pro- 
ceeses.  Like  the  animal  the  vegetable  ferments  transform  chemi- 
oal  tension  into  living  energy  and  heat;  and  even  in  a  few  of  the 
higher  plants — as  the  aroidem  when  bearing  fruit — a  considerable 
development  of  heat  has  been  observed.  The  reverse  is  found  in 
the  animal  organism,  for,  besides  oxidation  and  splitting,  reduction 
processes  and  syntheses  also  take  place.  The  contrast  which 
■eemingly  exists  between  animals  and  plants  consists  merely  in 
that  in  the  animal  organism  the  processes  of  oxidation  and  split- 
ting are  prevalent,  while  in  the  plant  those  of  reduction  and  syn- 
theeis  have  mostly  been  observed. 
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WoHLER  in  1834  furnished  the  first  example  of  btnthetioal 
PBOCESSES  within  the  animal  organism.  He  showed  that  when 
benzoic  acid  is  introduced  into  the  stomach  it  reappears  as  hippuric 
acid  in  the  urine,  after  its  coupling  with  glycocoll  (amido-acetic 
acid).  Since  the  discovery  of  this  synthesis,  which  may  be  ex- 
pressed by  the  following  equation, 

C.H,.COOH  +  NH..CH,.COOH=NH(C.H,.CO).CH..COOH+H.O, 

Benaoic  acid  QlyooooU  Hippuric  odd 

and  which  is  ordinarily  considered  as  a  type  of  an  entire  series  of 
syntheses  occurring  in  the  body  where  water  is  eliminated,  the 
number  of  known  syntheses  in  the  animal  kingdom  has  increased 
considerably.  Many  of  these  syntheses  have  also  been  artificially 
produced  outside  of  the  organism,  and  numerous  examples  of  ani- 
mal syntheses  of  which  the  history  is  absolutely  clear  will  be  found 
in  the  following  pages.  Besides  these  well-studied  syntheses, 
there  occur  in  the  animal  body  also  similar  processes  unques- 
tionably of  the  greatest  importance  to  animal  life,  but  of  which  we 
know  nothing  with  positiveness.  We  enumerate  as  examples  of 
this  kind  of  synthesis  the  new  formation  of  the  red  blood-corpus- 
cles (the  hsBmoglobin),  the  formation  of  the  different  albumins 
from  the  peptones,  the  formation  of  fat  from  carbohydrates,  and 
others. 

The  chemical  processes  in  the  animal  body  we  have  mentioned 
above  as  consisting  chiefly  of  oxidation  and  splitting  processes. 
The  oxygen  of  inhaled  air,  as  also  that  of  the  blood,  is  now  called 
neutral,  molecular  oxygen,  and  the  old  assumption  that  ozone  occurs 
in  the  organism  has  now  been  discarded  for  several  reasons.  There 
are  few  substances  which  can  be  introduced  from  the  outside,  such 
as  aldehydic  compounds  and  certain  alcohols,  for  example  benzyl- 
alcohol  (Schmiedeberg),  which  can  be  oxidized  within  the  animal 
organism  by  the  neutral  oxygen ;  while,  on  the  contrary,  albumin 
and  fat,  which  form  the  chief  part  of  the  organic  constituents  of 
the  animal  body,  are  almost  indifferent  to  neutral  oxygen.  The 
question  arises,  how  then  fs  the  oxidation  of  these  and  other  bodies 
possible  in  the  animal  organism  ? 

Formerly  the  view  was  generally  accepted  that  animal  oxida- 
TIOK  took  place  in  the  animal  fluids,  while  to-day  we  are  of  the 


4  mYHlQUMiiQAL  OiiBMiHrUT. 

4>piuu>o  tiuit  it  141  ooliiMcM  with  ib«  form-^lemento  and  the  iii- 
i»uiM.  'i'litt  i|Uttiiiiuji  )m>w  thii  oiidfttion  in  the  form-^lemento  pro- 
uMkJn  iMiil  liuw  it  i«  iii'luudd  imiiuot  ba  ftnuwered  with  certainty. 

In  uuiifMrinity  witli  the  vi«iw«  of  Pvll'okk  and  othera,it  ia  often 
MiMttrtiMl  timt  tliM  ttlbuiiiui  oiitjiido  of  the  organism,  and  also  that 
wliiitii  I'irc^uUiud  ill  tliu  blooci  ami  fluids,  is  to  be  regarded  as  ^dead 
allmiiiii)/'  as  distiiigtiishctd  frtiiii  that  which  is  converted  by  the  work 
uf  ihtt  living,  Htttiva  duII  into  living  protoplusm — ''living  albumin/^ 
Thu  sUlaMitfiit  lias  aim)  been  maile  that  this  living  protoplasm 
albumin  is  diffarentialed  from  the  "dead  albumin  "by  a  greater 
uiidalit,v  uf  the  ttitinitf  within  the  nioleonle,  and  it  may  be  char- 
aolnrUtfd  by  a  gi^eator  inclination  towards  intramolecular  changes 
uf  |Hi«iiitin  of  ihi^Me  sionis.  The  rtiason  for  this  greater  inner 
uui^cAUtnui  Pi<i.riJiiiH  asuiilms  to  the  pn^sem^  of  certain  groups, 
feuoh  as  o,\aiui|»tin.  \ihile  Uticw  aitributes  it  to  the  presence  of  aide- 
h.vdio  groiiiM  in  the  alhuuien  moleinile. 

In  ih^ae  dkiTiMYtni'es  betwmni  ordinary  albumins  and  living 
)M\u%)|da»m  allmmin  Ti^tiiMka  sees  the  reason  for  the  animal  ozi- 
iUmuu  |\i\HH&SMMi  \fthioU  ftht^w  oeriain  similarity  to  the  oxidation  of 
|duiftph%^ru«  lu  air  «>ailainiu|;  tuyi^'U.  In  tlie  last^mentioned 
yu\H^«9Mi  ihe  ph«^(du\rus  is  \\x\\  \\v\\  iieelf  oxidised,  bnt^  as  it  splits 
I  be  iW.v^i  HuUtH'ule  ai«d  eels  free  tav^^Mi  atoms  (aotive  oxygen), 
ii  i\\<<\  al«^^  ha>e  ai  ibe  sawe  ume  an  indirect  t^r  j^^condary 
su^wluu^  a«^i^%ui  Hi^Mi  %4her  K^ies  preeeiit.  lu  au  analop>u$  way 
iW  U>mj  |\i\^u^Ua»iii  a)b»m\u«  >ihwh  »  uxM,  like  the  dea<i  alba- 
u\mx  iuU^Av^T^^ui  K^  ueuind  %u\^)u  i>ai)  diiantie^jTmie  the  oxyp^u 
ms>wWK>MWv  thus  Wx>Mv^m$  it^f  ^KV>iisod«  ai^J  ai  the  sasne  time  ti'.e 
se4IM^  iXv^  vi  vKV>^eM  ai^MM*  «aa>  ««u^  a  M<v\:hisrr  fUiidaiko  of 

e4  iW  ^>«^>'^\^  ^  ^i^  ^V^CM^  *^  ihas  Vx  i^  «Mccaa;wri«a  pi^ 

(W  's^m^y^  'K,  M^4i«-t£ig  jtt^ecaau'^ie  Vr  jsnunriaysfiia  aai£ 
^Wi^*uiA?£i.  j»  jit^ifnjN  ^!ti/«!t.  ?^ht  Vttranr  Jmnifixfiicam  ef 
su^«^-  ji  %iift<^  il>d2>«){iA  ^  Ma  i-iw — C^S.^i\  =  v\H^O; --- :JCV\ 
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appearance  of  sitratee  in  consequence  of  an  oxidation  of  nitrogen 
in  cases  of  putrefaction,  which  process  is  ordinarily  explained  b; 
the  statement  that,  in  putrefaction,  roduciug,  easily-oxidizable 
bodies  are  formed  which  split  oxygen  malccutes,  liberating  oxygen 
atoms  which  afterward  oxidize  the  nitrogen.  Xt  is  assumed  also  that 
the  cells  of  the  animal  tissues  and  organs,  like  these  lower  organ- 
isms, which  cause  fermentation  and  putrefaction,  undergo  such 
splitting  processes  in  which  easily-oxid liable  substances,  perhaps 
also  hydrogen  in  statu  nascendi  (Hoppe-Seyler).  are  produced. 
The  observations  of  Khblich,  that  certain  blue  coloring  matters — 
alizarin  blue  and  indophenol  blue — are  decolorized  by  the  tissues  of 
the  living  animal  and  become  blue  again  on  exposure  to  air,  seem 
also  to  be  a  proof  of  tho  occurrence  of  easily-oxidizable  combina- 
tions in  the  tissues.  A  further  proof  of  this  is  found  in  the  obeer- 
Tations  of  C,  Ludwio  and  Alex,  Hchmidt  that  in  the  blood  of 
asphyxiated  animals,  as  well  as  in  the  absence  of  oxygen,  an  accu- 
mulation of  reducing,  easily-oxidizing  substances  titkes  place. 

In  accordance  with  wliat  has  been  above  stated,  we  may  assurae 
that  the  oxidation  in  the  animal  body  takes  place  in  the  following 
manner:  Tho  forces  peculiar  to  protoplasm,  unknown  to  us,  but 
acting  similarly  to  heat,  increase  the  intramolecular  movements  of 
the  atoms  in  such  a  way  that  a  loosening  or  splitting  of  the 
molecule  occurs  and  an  aggregation  of  the  oxygen  is  made  possible 
("primary  oxidation,"  Nasse).  The  new  products  formed  in  this 
manner  may  perhaps  in  part  be  in  direct  combination  with  neutral 
oxygen  ("  direct  oxidation,"  Nasse)  and  gradually  burned  within 
the  body,  but  they  must  probably  first  undergo  a  further  splitting, 
and  then  succumb  to  consecutive  oxidation,  until,  after  repeated 
splitting  and  oxidation,  the  final  prodncts  of  tho  exchange  of 
material  are  formed.  Finally,  the  eosily-oxidizable  products  of 
decomposition,  when  they  split  the  oxygen  molecule  and  only 
combine  with  one  of  the  oxygen  atoms,  may  act  on  difficultly- 
oxidizahle  substances  in  on  indirect  or,  as  Kasse  has  called  it,  a 
"secondary  oxidation"  by  the  setting  free  of  the  second  atom. 

Thus  the  oxidation  within  the  animal  body  is  caused  by  the 
action  of  forces  acting  similarly  to  heat,  which  loosens  or  splits  the 
molecules;  and  since  this  oxidation  has  long  been  known  as  com- 
bustion, this  view  js  easily  reconcilable  with  the  mode  of  action 
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jatX  described*  In  combustion  in  the  ordinftry  senae,  as,  for 
example,  the  baming  of  wood  or  oil,  we  must  not  forget  thai 
the  Bnbatancea  tbemaelTes  do  not  combine  with  oxygen.  It  ia 
only  after  the  action  of  heat  haa  decompoeed  these  bodies  to  a 
certain  degree  that  the  oxidation  of  the  products  of  sach  decom- 
position takes  place  and  is  accompanied  by  the  phenomenon  of 
light. 

The  nnmeroas  intermediary  products  of  decomposition  which 
we  obserre  in  the  animal  body  teach  us  that  the  oxidations  and 
splittings  of  the  components  of  the  body  do  not  take  place  at  once 
and  suddenly,  but  only  Tery  gradually,  step  by  step,  until  the  final 
products  of  exchange  are  reached. 

A  Tery  instructire  example  of  such  a  gradual  decomposition 
outside  of  the  organism  has  been  shown  by  Dbechsbl  in  his  in- 
▼estigation  on  the  electrolysis  of  phenol  by  an  alternating  current. 
By  experiments  with  alternating  electric  currents  we  obtain,  of 
course,  in  the  watery  solution  of  the  substance,  at  each  electrode 
alternately,  oxygen  and  hydrogen  in  great  rapidity.  Theref<»e 
oxidations  and  reductions  must  take  place  alternately,  and  we  ob- 
tain syntheses  as  well  as  splittings  with  oxidations. 

If  phenol  in  watery  solution  is  treated  with  such  an  alternating 
current,  we  produce,  by  the  combined  action  of  reduction  and 
oxidation  processes,  where  all  double  linking  in  the  benzol  ring  is 
broken  by  the  aggregation  of  hydrogen  atoms  with  simultaneous 
s61ution,  and  followed  by  an  oxidation  with  the  elimination  of 
hydrogen  atoms,  a  new  body,  hydro-phenoketon,  C,H„0,  or 
CH, 

n  rl     Irn  •    ^^®°^  *^®  hydro-phenoketon  a  compound  of  the 

cn. 

fatty  series  is  produced  by  the  fixation  of  0  +  ^H  accompanied 
with  the  splitting  of  the  benzol  ring,  namely,  normal  caproic  acid^ 

CH. 

C.H..O.,  or  2»qI  jcH^^-  ^y  further  electrolysis  of  the  ca- 
prr>ic  acid,  with  the  removal  of  carbon  as  carbon  dioxide  and  of 
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hydrogen  as  water,  a  series  of  acids  with  decreasing  amounts  of 
carbon  are  obtained,  and  in  this  way  we  may,  by  properly  directed 
combination  of  reductions  and  oxidations,  pass  from  a  body  of  the 
aromatic  series  to  a  body  of  the  fatty  series,  and  then  to  substances 
in  which  the  amount  of  carbon  decreases,  until  the  final  products 
of  animal  exchange  are  reached. 

That  reduction  processes  occur  in  the  organism  has  already  been 
stated,  and  in  the  following  pages  special  examples  of  these  are 
given.  As  Drechsel  has  also  found  that  the  same  electroHsyn- 
theses  (of  urea  and  phenol-sulphuric  acid)  are  produced  by  the 
continuous  as  w^ell  as  by  the  alternating  current,  and  since  the 
occurrence  of  galvanic  currents  in  the  body  has  been  positively 
shown,  Drechsel  concludes  that  not  only  do  syntheses,  but  also 
the  combustion  of  foods  and  constituents  of  the  tissues,  take  place 
in  the  animal  body  in  consequence  of  a  quick  succession  of  reduc- 
tions and  oxidations. 

Another  attempt  to  explain  the  animal  oxidations  has  been 
made  by  M.  Traube.  Traube  has  brought  forward  powerful 
arguments  against  the  view  that  an  activity  of  the  oxygen  is  caused 
by  reducible  substances,  and  he  seems  to  believe  that  within  the 
organism  so-called  oxygen  transmitters  occur  which  act  similarly 
to  nitric  oxide  in  the  manufacture  of  sulphuric  acid  where  oxida- 
tion is  the  result  of  the  absorption  and  liberation  of  oxygen  by 
other  substances  which  are  themselves  not  directly  oxidized  by 
neutral  oxygen.  The  presence  of  such  bodies  in  the  animal  organ- 
ism has  not  thus  far  been  proved. 

An  important  source  of  the  vis  viva  developed  in  the  body  is  to 
be  sought  for  in  the  oxidation  derived  from  oxygen  of  strong  poten- 
tial energy,  but  also  in  the  splitting  processes  ;  where  more  com- 
plicated chemical  compounds  are  reduced  to  simpler  ones,  and 
when,  therefore,  the  atoms  change  from  a  movable  equilibrium  to 
a  stabler  one  and  stronger  chemical  affinities  are  satisfied,  the  chem- 
ical potential  energy  is  tranrformed  into  vis  viva  (or  living  energy). 
The  best-known  example  of  such  a  splitting  process  outside  of  the 
animal  organism  is  the  ordinary  alcoholic  fermentation  of  sugar, 
C,H„0.  =  2C0,  +  2C,H.O,  in  which  process  heat  is  set  free.  The 
animal  body  may  also  have  a  source  of  vis  viva  in  the  splitting 
processes  which  are  not  dependent  on  the  presence  of  free  oxygen. 
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The  proceeaes  tuking  place  in  the  living  muscle  jields  an  example 
of  this  kind.  A  removed  rauacle,  which  gives  no  oxygen  when  in 
1,  may,  as  IIekmaxm  hoe  ehowii,  work,  at  least  for  a  time,  in 
an  atmosphere  devoid  of  osygen,  and  give  off  carbon  dioxide  at  the 
same  time. 

We  call  processes  of  splitting  which  are  accompanied  by  a  de- 
composition of  water  and  then  a  taking  u|)  of  its  constituents  (U, 
and  0)  hydroltitic  splittings.  These  splittings,  which  play  an  im- 
portant r61e  within  the  animal  body,  and  which  are  most  fre<{uently 
met  with  in  the  process  of  digestion,  are,  for  example,  the  trans- 
formation of  starch  into  sugar  and  the  splitting  of  neutral  fats  into 
the  corresponding  fatty  acid  and  glycerin. 

C,n.(C,.H..O,),  +  3  H,0  =  C,H.(OH),  +  3(C,.II„0,). 

TrlBLeariii.  Glyceiiti.  SUAiii?  nclit. 

As  a  rule  the  hydrolytic  splitting  processes  as  they  occur  in  the 
animal  body  may  be  {lerformed  outside  of  it  by  means  of  higher 
tem}>eratures  with  or  without  the  simultaneons  aetion  of  acids  or 
alkalies.  Considering  the  two  above-mentioned  examples,  we  know 
that  starch  is  converted  into  sugar  when  it  ig  boiled  with  dilute 
Rcide,  and  also  that  the  fats  are  split  into  fatty  acids  and  glycerin 
on  heating  them  with  caustic  alkalies  or  by  the  action  of  super- 
heated steam.  The  heat  of  the  chemical  reagents  which  are  used 
for  the  performance  of  these  reactions  would  cause  immediate 
death  if  applied  to  the  living  system,  ('onsequently  the  animal 
organism  must  have  other  means  at  Its  diaposaj  which  will  act 
similarly,  but  in  such  a  manner  that  they  may  work  without 
endangering  the  life  or  normal  comtitution  of  the  tissues.  Such 
tneaUB  have  been  recognized  in  the  so-called  formless  ferments  or 
entymen. 

Alcoholic  fermentation,  as  well  as  other  processes  of  fermenta- 
tion and  putrefaction,  is  dependent  upon  the  presence  of  living 
organisms,  ferment  fungi  and  splitting  fungi  of  different  kinds;  and 
according  to  the  researches  of  PASTEirR,  these  processes  are  to  be 
oonaidered  as  phases  of  life  of  these  organisms.  The  name  orgor 
nixed  ferments  or  ferments  has  been  given  to  such  micro-organismg 
of  which  ordinary  yeast  is  sd  example.  However,  the  same  name  has 
al»o  been  given  to  certain  bodies  or  mixtures  of  bodies  of  unknown 
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organic  origin  which  are  prodacts  of  the  chemical  work  within 
the  cell,  and  which,  after  they  are  separated  from  the  cell,  are 
capable  in  the  smallest  quantities  of  causing  a  decomposition  or 
splitting  in  very  considerable  quantities  of  other  substances  with- 
out entering  into  combination  with  the  decomposed  body  or  with 
any  of  its  products  of  splitting  or  decomposition.  Such  ferments 
are,  for  example,  the  diastase  of  malt  and  the  ferments  secreted  by 
the  different  glands  participating  in  the  process  of  digestion. 
These  non-organized  or  formless  ferments  are  generally  called,  ac* 
cording  to  Kuhne,  enzymes. 

A  ferment  in  a  more  restricted  sense  is  therefore  a  living  being, 
while  an  enzyme  is  a  product  of  chemical  processes  in  the  cell,  a 
product  which  has  an  individuality  even  without  the  cell,  and 
which  may  be  active  when  separated  from  the  cell.  The  splitting 
of  glucose  or  invert-sugar  into  carbon  dioxide  and  alcohol  by  fer- 
mentation is  a  fermentative  process  closely  connected  with  the  life 
of  the  yeast.  The  inversion  of  cane-sugar  is,  on  the  contrary,  an 
enzymotic  process  caused  by  one  of  the  bodies  or  mixture  of  bodies 
formed  by  the  living  ferment,  which  can  be  severed  from  this  fer- 
ment, and  still  remains  active  even  after  the  death  of  the  latter. 
Consequently  ferments  and  enzymes  are  capable  of  manifesting  a 
different  behavior  towards  certain  chemical  reagents.  Thus  there 
exist  a  number  of  substances,  among  which  we  may  mention  arse- 
nious  acid,  phenol,  salicylic  acid,  boracic  acid,  chloroform,  ether,  and 
others,  which  in  certain  concentration  kill  ferments,  but  which  do 
not  noticeably  impair  the  action  of  the  enzymes. 

It  is  doubtful,  indeed  highly  improbable,  whether  it  has  been 
possible  up  to  the  present  time  to  isolate  any  enzyme  in  a  pure  state. 
Therefore  the  nature  of  the  enzymes  and  their  elementary  compo- 
sition is  unknown.  Such  as  have  been  obtained  thus  far  appear  to 
be  nitrogenized  and  to  be  similar  in  some  degree  to  albuminous 
bodies.  They  may  be  extracted  from  the  tissues  by  means  of  water 
or  glycerin,  especially  by  the  latter,  which  forms  very  stable  solu- 
tions and  which,  consequently,  serves  as  a  means  of  extraction  of 
the  enzymes.  The  enzymes,  generally  speaking,  do  not  appear  to 
be  diffusible,  they  decompose  hydrogen  peroxide  and  are  precipi- 
tated with  other  substances  when  these  are  in  a  finely-divided  state. 
This  property  has  also  often  been  taken  advantage  of  in  the  prepa- 
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ration  of  pnre  enzymes.  The  oontinned  heating  of  their  solutions 
above  +  ^°  CI.  generally  destroys  most  of  the  enzymes.  In  the 
dry  state,  howeyer,  certain  enzymes  may  be  heated  to  100°  or  indeed 
to  150°-160**  C.  without  losing  their  power.  The  enzymes  are  pre- 
cipitated from  their  solutions  by  alcohol. 

We  haye  no  characteristic  reactions  for  the  enzymes  in  general, 
and  each  enzyme  is  characterized  by  its  specific  action  and  by  the 
conditions  under  which  it  deyelops.  But  it  must  be  stated  that, 
howeyer  the  different  enzymes  may  yary  in  action,  they  all  seem  to 
haye  this  in  common,  that  by  their  presence  an  impulse  is  giyen  to 
split  more  complicated  combinations  into  simpler  ones,  whereby  the 
atoms  arrange  themselyes  from  an  unstable  equilibrium  into  a  more 
stable  one,  chemical  tension  is  transformed  into  liying  force,  and 
new  products  are  formed  with  lower  heat  of  combustion  than  the 
original  substance.  The  presence  of  water  seems  to  be  a  necessary 
factor  in  the  perfection  of  such  decompositions,  and  the  chemical 
process  seems  to  consist  in  the  taking  up  of  the  elements  of  water. 
The  manner  in  which  these  enzymes  work  is  still  enyeloped  in 
darkness,  but  their  action  may  be  considered  as  yery  doeely  related 
to  the  so-caUed  catalytic  or  contact  action. 

As  aboye  stated,  the  enzymes  are  of  great  importance  for  the 
chemical  processes  going  on  in  the  digestive  tract,  but  we  have  to 
add  that  the  results  of  their  action  is  greatly  complicated  by  pro- 
cesses of  putrefaction  which  take  place  in  the  intestines  at  the  same 
time,  and  which  are  caused  by  micro-organisms.  Micro-organisms 
are  physiological  constituents  of  the  contents  of  the  intestinal  canal, 
and  it  is  therefore  to  be  supposed  that  also  lower  organisms  or  their 
germs  are  to  be  encountered  in  the  animal  tissues  and  fluids  gen- 
erally, under  normal  conditions.  The  question  is  stiU  unsettled  as 
to  how  far  this  is  the  case.  But  as  yet  no  positiye  or  decisive  proof 
for  the  justification  of  such  a  statement  has  been  furnished.  The 
lower  organisms,  on  the  contrary,  when  they  enter  into  the  animal 
fluids  or  tissues  and  develop  and  increase,  are  of  the  greatest  patho- 
logical importance,  and  modem  bacteriology,  founded  by  Koch 
and  Pasteub,  in  relation  to  the  doctrine  of  infectious  diseases, 
gives  efficient  testimony  to  these  facts. 

Putrefaction  caused  within  the  animal  fluids  and  tissues  by  the 
lower  organisms  may  produce,  among  others,  combinations  of  a 
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basic  nature.  Such  bodies  were  first  found  by  Selmi  in  human 
cadavers,  and  called  by  him  cadaver  alkaloids  or  ptomaines.  These 
ptomaines,  which  have  been  studied  by  a  great  number  of  investi- 
gators, especially  by  Selmi,  Brieoer,  and  Gautier,  must  be  con- 
sidered as  products  of  chemical  processes  caused  by  putrefaction 
microbes.  Some  of  these  ptomaines  are  exceedingly  poisonous,  and 
consequently  Brieoer  has  called  them  toxines. 

The  formation  of  such  poisonous  products  in  the  decompositions 
caused  by  putrefactive  microbes  makes  it  probable  that  the  lower 
organisms  acting  in  infectious  diseases  also  produce  poisonous  sub- 
stances which  may  cause  by  their  action  the  symptoms  or  compli- 
cations of  the  disease.  Brieger,  who  has  become  prominent  by 
his  study  of  this  subject,  has  been  able  to  isolate  from  typhus 
cultures  a  substance  called  typhotoxin  which  has  a  poisonous  action 
on  animals;  and  he  has  also  prepared  another  substance,  tetanin, 
from  the  amputated  arm  of  a  patient  with  tetanus,  animals  inocu- 
lated with  which  die  exhibiting  symptoms  of  developed  tetanus. 
Admitting  that  the  results  obtained  thus  far  upon  this  subject  are 
not  very  numerous,  we  cannot  refrain  from  stating  that  the  facts  al- 
ready found  open  a  promising  field  for  further  labor  and  research. 

As  above  stated,  the  chemical  processes  in  animals  and  plants  do 
not  stand  in  opposition  to  each  other;  they  offer  differences  indeed, 
but  still  they  are  of  the  same  kind  from  a  qualitative  standpoint. 

Pflitoer  says  that  there  exists  a  blood-relationship  between  all 
living  cells  of  the  animal  and  vegetable  kingdoms,  and  that  they 
originate  from  the  same  root;  and  if  the  organisms  consisting  of  one 
cell  can  decompose  protein  substances  in  such  a  manner  as  to  pro- 
duce poisonous  substances,  why  should  not  the  animal  body,  which 
is  only  a  collection  of  cells,  be  able  to  produce  under  physiological 
conditions  similar  poisonous  substances  ?  The  poisonous  secretions 
of  toads,  serpents,  and  numerous  other  animals  prove,  in  fact,  that 
the  animal  body  has  this  power.  Frequent  efforts  have  been  made 
of  late  to  prove  that  the  human  organism  under  physiological  con- 
ditions produces  poisonous  substances.  In  the  human  saliva  (Gau- 
TIER  and  others),  and  especially  in  the  urine  (Pouchet,  Bouchard, 
and  others),  but  also  in  the  expired  air  (Brown-Sequard  and 
d'Arsokyal),  poisonous  organic  substances  have  been  proved  to 
exist.    The  correctness  of  many  of  these  statements  is  contradicted 
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by  oibor  inriMiigfttorN,  And  the  interettiiig  qnettion  hb  to  the  poison* 
onn  rmiiire  of  the  hatnan  physiological  secretions  and  excretions 
soorrm  to  require  further  proof. 

The  so-called  hucomaines  command  a  special  interest.  Those 
sutntUncoN  of  tmsio  nature  which  are  incessantly  and  regularly  pro- 
iUuml  as  (iroduuts  of  the  decomposition  of  the  protein  substances  of 
ilin  orgfuiimn,  and  which  therefore  are  to  be  considered  as  products 
of  i\w  pbyNiological  exchange  of  substance,  have  been  called  huco- 
mninufi  by  Oautikk  in  contradistinction  to  the  ptomaines  produced 
by  micro-organisms.  Those  substances,  with  the  exception  of  a 
ffiw  which  were  known  in  animal  extractives,  were  first  found 
by  CUttTiKR  in  animal  tissues  and  muscles,  and  among  these  he 
ilnds  some  wbioh  am  poisonous  in  small  doses.  The  leucomaines 
of  bite  are  considered  of  special  importance  as  originators  of  disease. 
It  bus  boon  contended  tlmt  when  these  bodies  accumulate,  on  ac- 
count of  an  incomplete  excretion  or  oxidation  in  the  system,  an 
HutointoxitMition  may  bo  produced  (Bouchard).  Though  this 
view  is  not  by  any  means  based  upon  generally-recognized  facts, 
still  it  offers  an  interesting  starting-point  for  physiological  and 
imthologioal  chemical  research. 


CHAPTER  IL 

THE  PROTEIN  SUBSTANCES. 

The  chief  mass  of  the  organic  constituents  of  animal  tisanes 
consists  of  amorphous,  nitrogenized,  complex  bodies  of  high  molecu- 
lar weight.  These  bodies,  which  are  either  albuminous  in  a  special 
sense  or  bodies  nearly  related  thereto,  take  frst  rank  among  the 
organic  constituents  of  the  animal  body  on  account  of  their  great 
abundance.  For  this  reason  they  are  classed  together  in  a  special 
group  which  has  received  the  name  protein  group  (from  TrpcorevcOy 
I  am  the  first  or  take  the  first  place).  The  bodies  belonging  to 
these  several  groups  are  called  protein  substances,  although  in  a 
few  cases  the  albuminous  bodies  in  a  special  sense  are  designated 
by  the  same  name. 

The  several  protein  substances  contain  carbon,  hydrogen,  nitro- 
gen, and  oxygen.  They  generally  contain  also  sulphur,  a  few 
phosphorus,  and  a  few  also  iron.  Copper  has  been  found  in  some 
few  cases.  On  heating  the  protein  substances  they  gradually  de- 
compose, producing  infiammable  gases,  ammoniacal  compounds, 
carbon  dioxide,  water,  nitrogenized  bases,  as  well  as  many  other 
bodies,  and  at  the  same  time  they  emit  a  strong  odor  of  burnt  horn 
or  wool.  More  highly  heated  they  leave  a  porous,  shining  mass  of 
carbon,  and  when  this  is  thoroughly  burnt  an  ash  is  obtained  con- 
sisting chiefiy  of  calcium  and  magnesium  phosphates.  The  ques- 
tion whether  the  mineral  bodies  left  by  burning  exist  as  impurities 
or  whether  they  are  constituents  of  the  protein  molecule  has  not 
been  decided.  ^ 

It  is  at  present  impossible  to  decide  on  a  classification  of  the 
protein  substances  based  upon  their  properties,  reactions,  and  con- 
stitution, as  well  as  upon  their  solubilities  and  precipitations,  corre- 
sponding to  the  demands  of  science.  The  best  classification  is 
perhaps  the  following  systematic  summary  of  the  better  known 
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and  stadied  animal    protein  substances,  due  mainly  to  Hopph- 
Setlbr  and  Drechsel. 


I.  Albuminous  Bodies. 
Serum  albumin j 


Albumins, 


j 


Olobnlins 


Ovalbumin, 
i  Lactalbumin. 

Serum  globulin. 
Fibrinogen, 
Myosin, 
Musculin, 
[  Vitellin  (?). 

[  Casein, 

\  Ovovitellin  (?), 

(  Pyin,  and  others. 

J  Acid  albuminate, 
(  Alkali  albuminate. 

Albnmoiet  and  Peptones. 

Coanlated ^  FibHn, 

'  Albumin  coagulated  by  heat,  and  others. 


Jndeoalbnmins 


Albnmlnates. 


Mneine 


II.  Proteids. 

j  Pure  Mucin, 

{  Mucoide  or  Mucinoide. 


(Hyalogen.) 
Hnmoglobin. 

Al.  Albumoides  or  Albuminoides. 

Keratine. 
ElastiB. 
CoUa^n. 
(Amyloid.) 

(Fibroin,  Sericin,  Cornein,  Spongin,  Conchiolin,  Byssus,  and 
others.) 

To  this  summary  must  be  added  that  we  often  find  in  the  in- 
vestigations of  animal  fluids  and  tissues  protein  substances  which 
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do  not  coincide  with  the  above  scheme  or  do  so  only  with  difficulty. 
At  the  same  time  it  must  be  remarked  that  bodies  will  be  found 
which  seem  to  rank  between  the  different  groups. 

I.  Native  Albumins. 

The  albuminous  bodies  are  never-failing  constituents  of  the 
animal  and  vegetable  organisms.  They  are  especially  found  in  the 
animal  body,  where  they  form  the  solid  constituents  of  the  muscles, 
glands,  and  the  blood  serum,  and  they  are  so  generally  distributed 
that  there  are  only  a  few  animal  secretions  and  excretions,  such  as 
the  tears,  perspiration,  and  perhaps  urine,  in  which  they  are  en- 
tirely absent  or  only  occur  as  traces. 

All  albuminous  bodies  contain  carbon^  hydrogen^  nitrogen,  oxy- 
gen,  and  sulphur;  a  few  contain  also  phosphorus.  Iron  is  generally 
found  in  traces  in  their  ash,  and  it  seems  to  be  a  regular  constitu- 
ent of  a  certain  group  of  the  albuminous  bodies,  namely,  the 
nucleo-albumin  group.  The  composition  of  the  different  albu- 
minous bodies  deviates  a  little,  but  the  variations  are  within  rela- 
tively close  limits.  For  the  better  studied  animal  albuminous 
bodies  the  following  conposition  of  the  ash-free  substance  has  been 
given: 

C 50.6  —  54.5  per  cent. 

H 6.5  —    7.3 

N 15.0  —  17.6 

S 0.8  —    2.2 

P 0.42  —    0.85 

0 21.50  —  23.50 

A  part  of  the  nitrogen  of  the  albumin  molecule  is  loosely  com- 
bined and  splits  off  easily  {U9  ammonia  by  the  action  of  alkalies 
(Nasse).  Sulphur  shows  the  same  property  in  nearly  all  albu- 
minous bodies  (Fleitmann,  Danilewsky,  Krijger).  A  part  of 
the  sulphur  separates  as  potassium  or  sodium  sulphide  on  boiling 
with  caustic  potash  or  soda,  and  may  be  detected  by  lead  acetate. 
What  remains  can  only  be  detected  after  fusing  with  nitre  and 
sodium  carbonate  and  testing  for  sulphates.  The  albumin  molecule 
therefore  contains  at  least  2  atoms  of  sulphur.     The  molecular 
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have  ;ri7e&  n*:^z»!::'*:.  '/r  j^  i*Aft:  lo:  i->=;T:Tr,  renli?. 

On  taxiT^  ^f/srr.:::  ^ith  caus::c  &Ika/.  &:::=::iia  and  other 
▼oUtik  prridarr»  are  g*::.erkU:d :  amonz  these  Ir:::in.  from  vhick 
ToUcik  factr  arrids.  each  &£  acetir:-  a^::!.  T&Irri^ii:-  ai^id.  and  also 
batyru:  acid^are  fonri*rd:  also  ivrc-siii.  from  wL::h  phenol,  indol, 
and  ikatol  ar^  prodoce^L  The  majoritj  of  :hes^  pr^iidncts  are 
foond  a«  a  re^xih  of  patrefaction  (s<re  Chap.  VIIi.  On  boiling 
with  minend  aci'L;,  or  still  better  bv  boillEs:  with  hvdr^zK^hloric 
amd  and  zinc  chloride  •  Hla^iwetz  and  Habebxaxx),  thealbnmina 
jii^ldx  amido-acid^y  rach  a^  leacin.  aspartic  acid,  glutamic  acid^  and 
tjroffin  ^and  from  vegetable  albamin  Schulze  and  Babbferi  ob> 
tained  a-pbenjlamido-propionic  acid),  also  salphnretted  hydrogen, 
ammonia,  and  nitn^genized  bases  (Drechsel).  As  an  essential 
diffi^rence  between  the  a^.-tion  of  aoida  and  alkalies  (bariam  hydrate) 
on  albumins,  DbECH-^EL  ^asrgests  that  by  the  action  of  acids  car- 
bon dioxide,  oxalic  and  arctic  acids  are  not  produced. 

By  the  patrefaction  of  albumins,  as  well  as  by  decomposition 
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by  means  of  acids  or  alkalies,  and  also  by  certain  eDzymes,  unong 
otber  products  mnido-acids  are  produced,  and  these  have  a  certain 
Bignificance  for  the  probable  formation  of  the  albumins.  It  is 
more  than  likely  that  in  the  synthesis  of  albumin  in  the  plant 
from  the  ammonia  or  the  nitric  acid  of  the  soil,  amido-acids  or  acid 
amids,  among  which  a^puragin  plays  an  important  r6le,  are  pro- 
duced; and  from  these  the  albumiuoiiB  hodies  are  derived  by  the 
infiueQce  of  glucose  or  other  non-nitrogenized  combinations. 

By  tbeoxidutluDof  albumlD!)  In  add  solutbiis,  volnllle  fatty  acidfl,  their  side- 
bydcs.  Ditriles,  ketuDeii,  ulan  bensotc  acid  nre  olitaiued,  also  Ilyd^a(^yanic  acid 
bv  oxldiziDg  with  poIaesluD)  dicliromale  and  acid.  Nitric  acid  gives  various 
Dltio-producls.  such  as  lautlioprolelc  H<Jd  (van  deb  Pants),  trinltroalburaia 
(LoBW)  or  oxynitroalbumiD.  ujtrobeazoic  skiA,  Bud  olbers.  With  aqua  regis 
fumarlc  acid,  oxalic  acid,  clilomxol,  and  other  bodies  arc  produced.  By  Uia 
action  of  bromine  under  stronger  pressure  u  large  number  of  derivatlvus  are 
obtaiaed.  such  a«  bromani]  and  tnbroinacelic  acid,  bromoform,  leucln,  lau- 
cinlmid,  oxalic  acid,  iribromamido- benzoic  acid,  pepioue.  and  Iwdles  Hjinilar 
to  humus. 

By  the  dry  disiillatiou  of  albumins  we  obtain  a  large  Dumber  of  decompo- 
sition products  of  a  disagreeable  burnt  odor,  and  a  porous  glistening  mass  uf 
carbon  conlalulng  nilrogca  i.s  left  us  a  residue.  The  products  of  distillation 
are  partly  an  alkaline  liquid  which  conlalns  ammoniimi  carbouaie  and  acetate, 
ammonium  sulphide,  ainmoniiim  cynnide,  nu  mtlamiiiable  oil  and  other  bodies, 
and  a  brown  oil  which  contains  hydrocarbons,  nitrogtnlxed  bases  belonging 
to  llie  anltine  and  pyridine  aeries,  and  a  number  of  unknown  subslancos. 

It  is  impossible  here  to  discuss  all  the  products  obtained  by  the 
ftction  of  different  reagents  on  the  albumins,  but  from  the  above- 
described  bodies  from  tho  decomposition  of  albumin  it  is  clear  that 
the  products  belong  in  part  to  the  fatty  and  in  part  to  the  aro- 
matic series.  Even  though  the  constitution  of  the  albumins  has 
as  yet  not  been  successfully  demonstrated,  it  seems  to  be  a  fact  from 
the  above  that  in  the  albumin  molecule  we  have,  besides  the  atomic 
arrangement  belonging  to  the  fatty  series,  at  least  one  aromatic 
'   group  present. 

By  the  oxidation  of  albumin  by  means  of  potassium  permanganaie,  Ualt 
obtained  an  acid,  the  oxyprolosul phonic  add.  0  fil.31;  H  6.89;  IT  14.69;  S 
1.T1:  0  Sii.M.  which  is  not  a  product  of  splitting,  but  an  oxidation  product  in 
which  the  group  StI  is  changed  into  BOi.OH.  This  add  does  not  give  the 
proper  color  reuctlon  with  Milia>N's  reagent  (see  below),  nor  does  it  yield  lUo 
ordloary  aroniiLlic  splilling  products  of  the  albumins.  Btill  the  aromatic 
group  la  not  absent,  but  It  seems  to  be  la  another  blading  from  that  In  ordi- 
nary albumin.  On  oxidli^ing  wjih  potassium  dichrouiale  and  acid  llils  group 
appears  as  benzoic  add.  and  on  fusing  with  ulkali,  tienzol  is  given  off. 

The  animal  albuminous  bodies  are  odorless  and  tasteless,  ordi> 
narily  amofjAious.     The  crystalloid  (Dotterplattchen)  occurring 
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in  the  eggs  of  certain  fishes  and  amphibiane  does  not  cousist  of 
pure  lUbumin,  but  of  an  albumin  containing  large  amounts  of 
lecithin  which  seems  to  be  eombiued  with  mineral  aubatancea. 
Crystalline  combiuatioua  of  albumin  with  mineral  aubatancea  have 
been  prepared  from  aeeda  of  various  plants,  and  lately  crystallized 
animal  albumin  in  combination  with  salts  has  been  prepared 
(Uofheibteb).  In  the  dry  condition  the  albuminious  bodies  ap- 
pear an  a  white  powder,  or  when  in  thin  layera  as  yellowish,  hard, 
tranaparent  plates.  A  few  are  soluble  in  water,  others  only  soluble 
in  salty  or  faintly  alkaline,  or  acid  solutions  while  others  are  insol- 
uble in  these  solventa.  All  albuminous  bodies  when  burnt  leave 
an  oah,  and  it  is  therefore  queatiouable  whether  there  exists  an  al- 
huminouB  body  which  is  soluble  in  water  without  the  aid  of  mineral 
Gubatancos.  Nevertheless  it  has  not  been  thus  far  HuccessfuUy 
proved  that  a  native  albuminous  body  can  be  prepared  perfectly 
free  from  mineral  aubstances  without  changing  its  constitution  or 
its  properties.  The  albuminous  bodies  are  in  most  cases  strong 
colloida.  They  diffuse,  if  at  all,  only  very  slightly  through  animal 
membranes  or  parchment-paper,  and  the  albumins  have  generally 
avory  high  osmotic  equivalent.  All  albuminous  bodies  are  optically 
active  and  turn  the  ray  of  polarized  light  to  the  left. 

On  heating  a  solution  of  albumin  to  the  temperatures  depending 
on  the  albumin  present,  and  with  the  proper  reactions  and  in 
favorable  external  conditions, — as.  for  example,  iu  the  presence  of 
neutral  salts, — moat  albuminous  bodies  separate  iu  the  solid  state  as 
a  crude  or  "coagulated  "  albumin.  The  different  temperatures  at 
which  the  various  albuminous  bodies  coagulate  in  neutral,  aiilty 
solutions  give  iu  many  cases  a  good  means  for  detecting  and  sepa- 
rating these  bodies. 

The  general  reactions  for  the  albuminous  bodies  are  numerous, 
but  only  fhe  most  important  will  be  given  here.  To  facilitate  the 
rtudj  of  these  they  have  been  divided  into  the  two  following  groups. 


A.  Precipitation  Eeactions  of  the  Albnminons  Bodies. 

1.  Coaijvlation  Tfsf.  An  alkaline  albumin  solution  doea  not  co- 
ftgulate  on  boiling,  a  neutral  solution  only  partly  and  incompletely, 
and   the   reaction  must  therefore  he  acid   for  coagulation.     The 
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neutral  liquid  is  first  boiled  snd  then  the  proper  amonnt  of  aoid 
added  carefully.  A  flocculent  precipitate  is  formed,  and  if  prop- 
erly  done  the  filtrate  should  be  water-clear.  If  dilute  acetic  acid 
be  need  for  this  teat,  the  liquid  must  first  be  boiled  and  then  1,  2, 
or  3  drops  of  acid  added,  depending  on  the  amount  of  albumin 
present,  and  boiled  btfore  the  addition  of  each  drop.  If  dilute 
nitric  acid  be  used,  then  to  10-15  c.c.  of  the  previously-boiled 
liquid  l.'i-20  drops  of  the  acid  must  be  added.  If  too  little  nitric 
acid  be  added  a  soluble  combination  of  the  acid  and  albumin  is 
formed  which  is  precipitated  by  more  acid.  An  albumin  solution 
containing  a  small  amount  of  sails  must  first  be  treated  with  about 
H  NaOl,  since  the  beating  test  may  fail,  especially  on  using  acetic 
acid,  in  the  presence  of  only  a  slight  amount  of  albumin. 
a.  Behavior  towards  Mineral  Acids  at  Ordinary  Temperatures. 
The  albumins  are  precipitated  by  the  three  ordinary  mineral  acids 
and  by  metaphoeplioric  acid,  but  not  by  ortbopbosphoric  acid. 
If  nitric  acid  be  placed  in  a  reagent  glass  and  the  albumin  solution 
be  allowed  to  flow  gently  thereon,  a  white,  opaque  ring  of  precipi- 
tated  albumin  will  form  where  the  two  liquids  meet  (Helles's 
albumin  test).  3.  Precipitation  by  Melallic  Salts.  Copper  sul- 
phate, neuiral  and  basic  lead  acetate  (in  small  amounts),  mercuric 
chloride,  and  other  salts  precipitate  albumin.  On  this  is  based  the 
use  of  albumins  as  antidotes  in  poisoning  by  metallic  salts.  4.  Pr«- 
cipitalioti  by  Ferro-  or  Ferricyanide  of  Potassium  in  Acetic  Acid 
Solution.  In  these  tests  the  relative  quantities  of  reagent,  albumin, 
or  acid  do  not  interfere  with  the  delicacy  of  the  test,  5.  Precipi- 
tation by  Nfutral  Salts,  such  as  Na,SO,  or  NaCI,  when  added  to  sat- 
uration to  the  liquid  acidified  with  acetic  iwsid  or  hydrochloric  acid, 
6.  PrecipilalioH  by  Alcohol.  The  solution  must  not  be  alkaline, 
but  must  be  either  neutral  or  faintly  acid.  It  must,  at  the  same 
time,  contain  a  sufficient  quantity  of  neutral  salts.  7.  Precipita- 
tion by  Tannic  Acid  in  acetic-acid  solutions.  The  absence  of  neu- 
tral salts  or  the  presence  of  free  mineral  acids  may  not  cause  the 
precipitate  to  appear,  but  after  the  addition  of  a  sufficient  quan- 
tity of  sodium  acetate  the  precipitate  will  in  both  cases  appear. 
8.  Precipitation  by  Pkospbo-tungstic  or  Phuspko-molybdic  Adds  in 
the  presence  of  free  mineral  acids.  Potassium-mercuric  iodide  and 
potaseinm -bismuth  iodide   precipitate  albumin  solutions  acidifiod 
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with  hydrochloric  acid.     9.  PrecipitalioH  i 
tione  acidified  by  organic  acids. 


/  Picric  Acid  in  Bolu- 


B.  Color  Reactions  for  Albui 


)  Bodies. 

I,  Millon'a  reaciion.'  A  Bolotion  of  mercuric  nitrate  in  nitric 
acid  containing  some  nitrous  acid  gives  a  precipitate  iu  albumin 
Molutions  which  at  the  ordinary  temperature  is  slowly,  but  at  the 
boiling-point  more  qnickly,  colored  red ;  and  the  solution  may  alBO  be 
colored  a  feeble  or  bright  red,  depending  on  thcamonnt  of  albumin. 
Solid  albuminous  bodies,  when  treated  by  this  reagent,  give  the  same 
coloration.  This  reaction,  which  depends  on  the  presence  of  the 
aromatic  group  in  the  albumin,  is  also  given  by  tyrosin  and  other 
benzol  derivatives  vrith  a  hydroiyl  group  in  the  benzol  nucleus. 
2.  .Yanlkoproleic  reaction.  With  strong  nitric  acid  the  albuminous 
bodies  give,  on  heating  to  boiling, yellow  flakes  or  a  yellow  solution. 
After  saturating  with  ammonia  or  alkalies  the  color  becomes  orange- 
yellow.  3.  Adamkiewicz'  reaction.  If  a  little  albumin  is  added  to 
a  mixture  of  I  vol.  concentrated  sulphuric  aciil  and  3  vols,  glacial 
acetic  acid  a  reddish-violet  color  is  obtained  slowly  at  ordinary 
temperatures,  but  more  quickly  on  heating.  Gelatine  does  not  give 
this  reaction.  4.  Hiitrct  test.  If  an  albumin  solution  be  first 
treated  with  caustic  potash  or  soda  and  then  a  dilute  copper 
Bnlphate  solution  be  added  drop  by  drop,  first  a  reddish,  then  a 
red  dish -violet,  and,  lastly,  a  violet-blue  color  is  obtained.  5.  Al- 
bumin is  soluble  on  heating  with  concentrated  kydrocfiloric  acid. 
producing  a  violet  color,  and  when  the  albumin  is  first  boiled  with 
alcohol  and  then  washed  with  ether  (Liebermann)  it  gives  a 
beautiful  blue  solution.  6.  With  rimrenlratcd  sulphuric  acid  and 
tuffar  (in  small  quantities)  the  albuminous  bodies  give  a  beautiful 
red  coloration.  These  color  reactions  apply  to  all  albuminous 
bodies. 

The  delicacy  of  the  same  albumin  reagent  differs  for  the  differ- 

'  Tbe  reai^nt  Ib  oblulned  in  tlie  rollowin^  way  :  1  pt.  mercury  is  dlssoWed 
In  a  pU.  of  Ditric  acid  (of  sp.  gr,  1.42).  flnt  when  cold  and  later  lij  w«rming. 
After  Fuinpli'Ie  Holntion  of  Ihe  mercury,  ndd  t  volume  of  the  ?oliilioD  to  2 
Tolnmcn  nf  wiiWr.  Allow  tliU  lo  Maud  n  few  hours  and  dfcuiil  tbe  super 
Stunt  llrjlild. 
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ent  albaniinotis  bodies,  and  it  is,  on  thia  account,  impossible  to  give 
the  degree  of  delicacy  for  each  reaction  for  all  albnminous  bodies, 
Of  tbe  precipitation  reactions  Heller's  test  (if  we  eiiminiito  the 
peptones  and  certain  albumoses)  is  recommended  in  the  firgt  place 
for  its  delicacj,  though  it  is  not  the  most  delicate  reaction,  aud 
because  it  can  be  performed  so  easily.  Among  the  precipitation 
reactions,  that  with  basic  lead  acetate  (when  carefully  and  exactly 
executed)  and  the  reactions  6,  7,  8,  and  !)  are  the  moat  delicate. 
The  color  reactions  1  to  4  show  a  great  delicacy  in  the  order  in 
which  they  are  given. 

No  albumin  reaction  is  in  itself  characteristic,  and,  therefore,  in 
testing  for  albumin  one  reaction  is  not  suflifient,  but  a  number  of 
precipitation  and  color  reactions  must  be  employed. 

For  the  quantitative  estimation  of  coagulable  albumin  the 
determination  by  boiling  with  acetic  acid  can  be  performed  with 
advantage  since,  by  operating  carefully,  it  gives  exact  results.  The 
precipitation  by  means  of  alcohol  in  the  liquid  which  has  first  been 
neutralized  may  also  be  used  for  this  purjiose.  The  alcohol  must 
be  added  so  that  the  liquid  contains  ~0  to  60  vols,  per  cent.  In 
both  cspses  small  amonnta  of  albumin  may  remain  in  the  filtrate. 
This  last  may  lie  determined  by  concentrating  the  filtrate  aulReiently 
(in  the  alccbol  method  all  the  alcohol  must  be  expelled),  and  remov- 
ing any  separated  fat  by  shaking  with  ether,  and  then  precipitating 
with  ^nnic  acid,  with  the  addition  of  NuCl  if  necessary.  Ap- 
proximately G3^  of  the  tannic  acid  precipitate  washed  with  cold 
water  and  dried  may  be  considered  aa  albumen.  The  precipi- 
tation by  means  of  copper  sulphate  may  also  be  employed  as  a 
qnantitative  method,  while  the  Biuret  reaction  may  be  used  for  the 
quantitative  calorimetric  estimation  of  peptones  and  albunioBes. 
The  quantitative  estimation  of  albumin  by  means  nf  the  polari- 
Bcope  is  not  applicable  in  all  cases  and  does  not  give  sufficiently 
exact  results. 

The  separation  of  albumins  from  a  solution  may,  in  most  eases, 
be  performed  by  boiling  with  acetic  acid.  iSmall  amounts  of  albu- 
min which  remain  in  the  filtrates  may  be  separated  by  boiling  with 
freshly-precipitated  lead  carbonate  (Hopmeister)  or  with  ferric 
acetate  (IToppe-Seylek),  as  described  in  Chapter  XIV  on  the 
urine.  If  tlie  liquid  cannot  be  boiled,  the  albumin  may  be  pre- 
cipitated by  neutral  salts  and  acid,  or  by  the  very  careful  addition 
of  lead  acetate,  or  by  the  addition  of  idcohol.  If  the  liquid  con- 
tains substances  which  are  precipitated  by  alcohol,  such  as  glycogen, 
then  the  albumin  may  be  separated  by  the  alternate  addition  of 
potassium-mercuric  iodide  and  hydrochloric  acid  {BBtJcsE). 
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SynopsiB  oi  the  Host  Important  Fropertiei  of  the  DifferBut  Chief 
Oronps  of  Albnminoiu  fiodiei. 

Albnnuni.  These  bodies  are  insoluble  in  water  and  are  not 
precipitated  by  the  addition  of  a  little  acid  or  alkali.  Thej  are 
precipitated  by  the  addition  of  lurge  quantities  of  mineral  acids  or 
metallic  salts.  Their  solution  in  water  coagiiiates  on  boiling  in  the 
presence  of  neutral  salts,  but  a  weak  saline  solution  does  not.  If 
NaCl  or  MgSO,  is  added  to  saturation  to  a  neutral  eolutiou  in 
water  at  a  normal  temperature  or  at  +  30°  C.  no  precipitate  is 
formed;  but  if  acetic  acid  is  added  to  this  saturated  solution  the 
albumin  readily  separates.  When  ammonium  sulphate  is  added 
in  substance  to  saturation  to  an  albumin  solution  a  complete  pre- 
cipitation occurs  at  ordinary  temperature.  Of  all  the  albuminous 
bodies  the  albumins  are  the  richest  in  sulphur,  containing  from  1.6 
to  2.2)(. 

Globulins.  Those  albuminous  bodies  are  insoluble  in  water, 
but  dissolve  in  dilute  neutral  salt  solutions.  The  globulins  are 
precipitated  unchanged  from  these  solutions  by  sufficient  dilution 
with  water;  and  on  healing  they  coagulate.  The  globulins  dis- 
solve in  water  on  the  addition  of  very  little  acid  or  alkali,  and  on 
neutralizing  the  solvent  they  reprecipitate. 

The  solution  in  a  minimum  amount  of  alkali  is  precipitated  by 
carbon  dioxide,  but  the  precipitate  may  be  redissolved  by  an  eicess 
of  the  precipitant.  The  neutral  solutions  of  the  globulins  contain- 
ing salts  are  partly  or  completely  precipitated  on  saturation  with 
NaCI  or  MgSO,  in  substance  at  normal  temperatures.  The  globu- 
lins ooniain  an  average  amount  of  sulphur,  not  below  l!<. 

A  sliftrp  line  twlwecn  the  globuline  on  one  side  nnd  the  nrtifldal  alhu. 
miuaUA  t\a  Ihu  other  cna  hardly  be  drawn.  TLe  album  in  Hies  are,  indeed, 
w  K  rule  liiMiliiblo  in  dilute  cummou-snU  Holulions ;  but  mi  albuminate  may 
be  pn-pari'd  by  Ibe  action  of  strong  Hlkali  wliicb  Is  soluble  in  common-salt 
Klulii>o«  immedlalely  after  precipitalion.  We  also  bave  globiilinB  which  Hre 
liuoluble  in  NnCl  nfier  iiavlng  been  in  uoutact  with  water  for  some  time. 

Hacleoalbnmina.  These  bodies  are  found  widely  diffused  in 
both  the  animal  and  vegetable  kingdoms.  They  form  one  of  the 
chief  constituenis  of  protoplasm,  while  the  albumins  and  in  part 
aloo  the   globulins  are  special  constituents  of  the  animal  juices. 
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The  nuclcoalbumins  are  fonnd  iu  organs  abounding  in  cella,  but 
the}-  also  occur  in  Becretions  and  BometimeB  in  othor  fluids  in  appa- 
rent solution  as  doEtroyed  and  altered  protoplasm.  Tlie  nucleo- 
albumiiis  behave  like  rather  strong  acids;  they  are  nearly  insoluble 
in  water,  but  dissolve  easily  with  the  aid  of  a  little  alkali.  Such  a 
solution,  neutral  or,  Indood,  a  faintly  acid  one,  does  not  coagulate 
on  boiling.  The  nnclooalbumins  resemble  the  globulins  and  the 
albuminates  in  solubility  and  precipitation  properties,  but  differ  from 
them  in  being  hardly  soluble  iu  neutral  salts.  The  most  important 
difference  between  the  nucleoalbumius,  the  globulins,  and  the  albn-  ' 
minates  is  that  the  nacleoalbumine  contain  phoHphonia,  and  by  the  i 
action  of  pepsin  hydrochloric  acid  on  nucleoalbumius  a  phosphor- 
ized  product,  nuclein,  is  split  off  which,  according  to  Libberi. 
HAXN,  is  a  combination  of  albumin  with  metaphosphoric  acid. 
The  nucleoalbuniins  seom  habitually  to  contain  less  sulphur  than 
the  bodies  of  the  preceding  groups.  Some  iron  is  found  as  a  con- 
stant constituent. 

Alkali  and  Acid  Albuminates.  By  the  action  of  alkalies  all 
native  albuminous  bodies  are  conTerted,  with  the  elimination  of 
nitrogen  or  by  the  action  of  stronger  alkali  with  the  emission  of 
sulphur,  into  a  new  modification,  called  alkali  albuminate,  whose 
specific  rotation  is  increased  at  the  same  time.  If  caustic  alkali  in 
substance  or  in  strong  solution  be  allowed  to  act  on  a  concentrated 
albumin  solution,  such  as  blood-serum  or  egg-albumin,  the  alkali 
albuminate  may  be  obtained  as  a  solid  which  dissolves  in  water  on 
heating  forming  a  Jelly,  and  which  is  called  "  Liebebkuhn's  solid 
alkali  albuminate."  By  the  action  of  dilute  caustic  alkali  solutions 
on  dilute  albumin  solutions  we  have  alkali  albuminates,  formed  slowly 
at  the  ordinary  temperature,  but  more  rapidly  on  heating.  These 
solutions  may  be  modified  by  the  source  of  the  albumin  acted 
upon,  and  also  by  the  extent  of  the  action  of  the  alkali,  but  it  ia 
still  always  the  same  reaction. 

If  albumin  is  dissolved  in  an  esceas  of  concentrated  hydro- 
chloric acid,  or  if  we  digest  an  albumin  solution  acidified  with  1-2 
p.  m.  hydrochloric  acid  in  the  warmth,  or  digest  the  albumin  alone 
with  pepsin  hydrochloric  acid,  we  obtain  a  new  modification  of 
albumin  which  indeed  may  show  somewhat  varying  properties, 
bat  has  also  certain  reactions  in  common  with  ordinary  albumin, 
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These  modificatioiw,  which  may  be  obtained  in  a  aoUd  gelatinona 
condition  by  anfficient  concentration,  are  called  acid  albuminates 
or  acid  albumin,  sometimes  also  ayntonin,  though  we  prefer  to  call 
that  acid  albuminate  syntonin  which  is  obtained  by  extracting 
muscles  with  hydrochloric  acid  of  1  p.  m. 

The  alkali  and  acid  albuminates  ha^e  the  following  reactions  in 
common:  They  are  nearly  insoluble  in  water  and  dilute  common- 
salt  solutions  (see  prerious  page),  but  they  dissoWe  easily  in  water 
after  the  addition  of  a  ?ery  small  quantity  of  acid  or  alkalL  Such 
a  solution  or  one  nearly  neutral  does  not  coagulate  on  boiling,  but 
IS  precipitated  at  the  normal  temperature  on  neutralizing  the  sol- 
Tent  by  an  alkali  or  an  acid.  A  solution  of  an  alkali  or  acid  albn- 
jninate  in  acid  is  easily  precipitated  on  saturating  with  NaCl,  but 
a  solution  in  alkali  is  precipitated  with  difficulty  or  not  at  all, 
according  to  the  amount  of  alkali  it  contains.  The  nearly  neutral 
solutions  are  precipitated  by  mineral  acids  in  excess,  also  by  many 
metallic  salts. 

Notwithstanding  this  agreement  in  the  reactions,  the  acid  and 
alkali  albuminates  are  essentially  different,  and  by  dissolving  an 
alkali  albuminate  in  some  acid  no  acid  albuminate  solution  is 
obtained,  nor  is  an  alkali  albuminate  formed  on  dissolving  an  acid 
albuminate  in  water  by  the  aid  of  a  little  alkalL  The  alkali 
albuminates  are  relatively  strong  acids.  They  may  be  dissolved  in 
water  with  the  addition  of  CaCO,,  with  the  elimination  of  CO,, 
which  does  not  occur  with  typical  acid  albuminates,  and  they 
shovr  in  opposition  to  the  acid  albuminates  also  other  variations 
wh'uh  .stand  in  connection  with  their  strongly-marked  acid  nature. 
Dilntf;  solutions  of  alkalies  act  more  energetically  on  albumin  than 
do  iiCAth  of  the  same  concentration.  In  the  first  case  a  part  of  the 
nitrogen,  and  often  also  the  sulphur,  is  split  off,  and  from  this 
property  we  may  obtain  an  alkali  albuminate  by  the  action  of  an 
alkali  upon  an  acid  albuminate;  but  we  cannot  obtain  an  acid 
albuminate  by  the  reverse  reaction.     (K.  Moknek.) 

The  preparation  of  the  albuminates  has  been  given  above.  By 
the  action  of  alkalies  or  acids  upon  an  albumin  solution  the  corre- 
sponding albuminate  may  be  precipitated  by  neutralizing  with  acid 
or  alkali.  The  washed  precipitate  is  dissolved  in  water  by  the  aid 
of  a  little  alkali  or  acid,  and  again  precipitated  by  neutralizing  the 
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solvent.  If  this  precipitate  which  has  been  washed  in  water  is 
treated  with  alcohol  and  ether^  the  albuminate  will  be  obtained  in  a 
pure  form. 

Albumoses  and  Peptones.  Peptones  are  designated  as  the  final 
products  of  the  decomposition  of  albuminous  bodies  by  means  of 
proteolytic  enzymes,  in  so  far  as  these  final  products  are  still  true 
albuminous  bodies,  while  we  designate  as  albumoses  or  propeptones 
the  intermediate  products  produced  in  the  peptonization  of  albu- 
mins in  so  far  as  they  are  substances  not  similar  to  albuminates. 

Albumoses  and  peptones  may  also  be  produced  by  the  hydro- 
lytic  decomposition  of  the  albumins  with  acids  or  alkalies,  also  by 
the  putrefaction  of  the  same.  They  may  also  be  formed  in  very 
small  quantities  as  by-products  in  the  investigations  of  animal 
fiuids  and  tissues,  and  the  question  to  what  extent  these  exist  pre- 
formed under  physiological  conditions  requires  very  careful  inves- 
tigation. 

Between  the  peptones  which  represent  the  last  splitting  prod- 
ucts and  those  albumoses  which  stand  closest  to  the  original 
albumin  we  have  undoubtedly  a  series  of  intermediate  products. 
Under  such  circumstances  it  is  a  difficult  problem  to  try  to  draw  a 
sharp  line  between  the  peptone  and  the  albumose  group,  and  it  is 
just  as  difficult  to  define  our  conception  of  peptones  and  albumoses 
in  an  exact  and  satisfactory  manner. 

The  albumoses  have  been  considered  as  those  albuminous  bodies 
whose  solutions  do  not  coagulate  on  boiling  and  which,  to  dis- 
tinguish them  from  peptones,  were  characterized  chiefly  by  the 
following  properties.  The  watery  solutions  are  precipitated  at  the 
ordinary  temperature  by  nitric  acid  as  well  as  by  acetic  acid  and 
potassium  ferrocyanide,  and  this  precipitate  has  the  peculiarity  of 
disappearing  on  heating  and  reappearing  on  cooling.  If  a  solution 
of  albumoses  is  saturated  with  NaCl  in  substance,  the  albumoses 
are  partly  precipitated  in  neutral  solutions,  but  on  the  addition  of 
acid  saturated  with  the  salt  they  completely  precipitate.  This  pre- 
cipitate, which  dissolves  on  warming,  is  a  combination  of  albumose 
with  the  acid. 

We  formerly  designated  as  peptone  that  albuminous  body  which 
was  readily  soluble  in  water  and  which  did  not  coagulate  by  heat, 
whose  solutions  were  precipitated  neither  by  nitric  acid,  nor  by 
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Tli^  TfO^AfAA  jnii  ^c^riMft  wkicb  the  albaiiKMei  sz^  fepuxtitm 

;{iT<»;  ail  *^cjh  (^xATX  rMKCiiMtf  <vf  noe  alhfiiiLiiu.  bos  whh  the  brarec  test 
tiM7  ;^^'t:  a  Auvr^  Ciiumufal  rtd  ^/Ir>r  than  tbe  oriinarT  albamic 
71^7  ant:  prmpisattd  tvr  amoMCLiacal  lead  »%cat«,  bj  mefcxxric 
^Xi^y^rAh^  akf>iu>if  taattie,  ptMspfa^jr-tongitic,  phosphc^motTbdic  acids, 
p<>ciiMmmHBermm  wAyH^  and  hjdrochloTif:  acid,  and  laetij  bj 
pvrri^  arnd^  The  albanKiwa  and  pe{X/>n€3i  haTe  also  a  greater 
^Iflrudr^  yim^sr  than  naciTe  aI?>aininoiu  Ujdics,  and  the  diffnsTe 
yiw^ff  »  grf*saiUfr  the  nearer  the  questionable  sabstaooe  stands  to 
the  ftnal  pr^yioct,  the  i#>-<alled  pore  peptone. 

These  old  rievs  haTe  ondergone  an  essential  change  in  the  last 
fev  jeanL  After  Hzrs^.tVh'  obaerration  that  ammoninm  sniphate 
vas  a  general  precipitant  for  albomin,  alio  peptone  in  the  old 
iieniie,  KvH%t  and  hin  papik  proposed  thie  salt  as  a  means  of  sepa- 
rating albTjm^^sefi  and  peptones.  Those  products  of  digestion  which 
itefjarate  on  jiatu rating  their  solution  with  ammonium  sulphate  are 
coniiidere'i  bj  Kt'H5E  and  indeed  bj  most  of  the  modem  inresti- 
gatz/rx  as  aibumoses,  while  those  which  remain  in  solution  are  called 
p^[>tz/nes  or  pure  jieptone.  This  pure  peptone  is  formed  in  rel»- 
iirtily  large  amounts  in  the  pancreatic  digestion,  while  in  the  pepsin 
digestion  it  is  onljr  small  in  quantity  unless  after  prolonged  diges- 
tion* 

Acr:ording  to  SfJfiUTZRXBEROER  and  Kuhxe  the  albumins  yield 
two  chief  grorjjis  of  new  albuminous  bodies  when  decomposed  by 
rlilote  acids  or  with  proteolytic  enzymes;  of  these  the  anii  group 
jihowN  a  greater  resistance  to  further  action  of  the  acid  and  enzyme 
than  thft  other,  namely,  the  hemi  group.  Corresponding  to  these 
views  KviiSK  divides  the  albumoses  into  two  chief  groups,  the 
anliaUmrrifffifiM  and  fiemiaiitumo«e«,  and  the  peptones  into  two  chief 
groujrt,  the  antijfeptonen  and  the  hemipeptones.  In  the  pepsin 
digf;stion  we  obtain,  liesides  different  albumoses,  a  mixture  of  anti- 
and  hernif/^rptone,  which  mixture  KuHXE  called  amphopeptone. 
Ill  the  dige«»tion  with  trypsin  (the  proteolytic  enzyme  of  the  pan- 
creas) the  heniifKjfitone  is  further  split  into  leucin,  tyrosin,  and 
other  srjUtttnr;es,  while  the  antipeptone  remains  unchanged.     Only 
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bj  the  sufficiently  energetic  action  of  trjpBin  is  one  peptone  at  )ut 
obtaioed,  the  so-called  antipept.one. 

KiJHNE  and  his  pupils,  who  have  conducted  these  complete 
inveBtigations  on  the  albumoses  and  peptones,  claseifj  the  different 
kinds  of  albumoses  according  to  their  different  solubilities  and  pre- 
cipitation powers.  In  the  pepsin  digeslioa  of  fibrin  they  obtained 
the  following  albumoses:  1.  Dysalbumose,  which  is  insoluble  in 
water  and  dilute  salt  solutions.  2.  ifeternalbumose,  insoluble  in 
water  but  soluble  in  salt  solution.  3.  Protalbumose,  soluble  in  salt 
solution  and  water.  These  three  albumoses  are  precipitated  by 
NaCl  in  a  neutral  solution,  while  4,  the  Deuferoalbumose,  which  is 
soluble  in  salt  solution  or  water,  is  precipitated  (partly)  on  saturat- 
ing with  NaCl,  hut  only  after  the  addition  of  an  actd.  This  pre- 
cipitate is  a  combination  of  idbumose  and  acid  (Herth), 

Herth  claims  that  the  relative  proportion  of  acid  or  alkald, 
salt,  water,  or  albumose  in  a  solution  essentially  changes  the  solu- 
bility and  precipitation  power  of  the  same.  He  also  claims  that 
the  occurrence  of  several  different  kinds  of  albumoses  cannot  be 
demonstrated,  because  with  one  and  the  same  albumose,  the  above 
conditions  being  changed,  its  solubilities  and  precipitating  powers 
are  changed.  llAMitCRUEit  found  the  same  to  be  true  from  his 
investigations. 

The  albumoses  oblnined  from  different  nlbuuiiooue  bodies  do  not  seem  lo 
be  id«nlicsl.  The  Klobiilinftlbmnoses  of  KL'hne  and  Chitteitoen  «re  called 
glohvlota,  tbe  vitelTfn  nlbumose!^  of  Necheibtbr  mleiU»tt.  Ibose  of  casdo 
eateo»e»  ((.'mmENDBMi.  Ihose  of  myosin  myotinotts {Kis'BftK  and  CariTEHD&M), 
and  BO  OQ.  The  dlfferuut  kiods  of  albumoseB  &re  distingiiisUed  us  proU>,- 
htlero-,  and  dr;uf«ro-ciuieoBes,  etc. 

Neumkibter  (lewgUHlfS  8S  aimiaofl'unioM  liiat  body  wbich  is  obtained  by 
the  aclioD  of  superheitted  steam  on  fibriu.  At  the  same  time  lie  niso  obluiaed 
a  Bubetaiice  called  almidiilbiimin  which  stnuds  between  Ibe  albtiminatea  uid 
Ibe  albumoses. 

Of  the  soluble  albumoses  NEtTHEtsTER  designates  protoalbumose 
and  heteroalbumose  a& primary  albumoses,  while  the  deuteroalbu- 
mose,  which  is  nearly  related  to  the  peptones,  he  calls  secondary 
albtimose.  As  essential  difference  between  the  primary  and  sec- 
ondary albumoses  he  siiggesta  the  following:  The  secondary  albu- 
moses are  not  precipitated  by  nitric  acid  in  liquids  free  from  salt, 
nor  by  copper  sulphate  solution  (2  parts  in  100),  nor  by  NaCl  in 
1  a  neutral  liquid.     Pure  true  peptones  are  not  precipi  - 
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and  part  antipeptone  prepured  by  pancreas  infusion,  this  peptone 
was  fonnd  to  contain  about  the  same  amount  of  hydrogen  and  the 
Bome  or  a  greater  amount  of  nitrogen,  but  less  carbon  than  the  albu- 
moeeG.  In  his  invoetigations  on  casein  Chittenden  found,  on  the 
other  hand,  that  in  antipeptone  the  amount  of  carbon  was  higher 
than  in  certain  caseosee.  As  the  preparation  of  true  peptones  in 
a  pure  condition  is  accompanied  with  great  dtffioiiUy,  und  as  the- 
peptones  (in  the  modem  sense)  analyzed  have  not  always  behaved 
as  true  peptones  towards  the  peptone  reagents  as  described  by 
Nedmeihter,  it  is  most  difficult  to  draw  any  positive  conclusion 
from  these  analyses.  It  seems,  nevertheless,  that  generally  the 
so-called  true  peptones  are  perhaps  somewhat  poorer  in  carbon  than 
the  correBponding  albumins. 

The  elementary  analyses  made  up  to  the  present  time  have  not 
given  us  a  positive  answer  in  regard  to  the  relationship  existing 
between  the  albumins  on  one  side  and  the  alburaoses  and  peptones 
on  the  other.  The  view  that  the  peptone  formation  is  a  hydrolytic 
splitting  is  accepted  by  Hoppe-Se\"lek,  EiJHXE,  Henningek,  and 
indeed  by  recent  investigators.  In  support  of  this  view  we  have 
the  observations  of  Henninoer  and  Hofmeister,  according  to 
which  peptones  are  converted  into  au  albumin  similar  to  albu- 
minates by  the  action  of  acetic  acid  anhydride,  or  by  heating  so 
that  water  is  expelled.  According  to  other  investigators,  as  Malt, 
Herth,  Loew,  and  others,  the  formation  of  peptone  is  a  depoly- 
merization  of  the  albumins.  A  third  view  is  that  albumins  and 
peptones  are  isomeric  bodies:  while  a  fourth  view  (Griessmayer) 
claims  that  the  albumins  consist  of  micell  groups  which  on  pepto- 
nization are  first  converted  into  micells  and  then  further  into  u 
molecule.  Though  an  ordinary  albumin  solution  contains  micells 
or  micell  bonds,  so  also  a  peptone  solution  contains  an  albumin 
molecule. 


The  preparation  of  different  alhiimoses  in  a  complete  pure  form 
ia  very  troublesome  and  accompanied  with  a  great  many  difficnlties. 
For  tiiis  reason  there  will  be  given  here  only  the  general  methods  by 
which  the  different  albnmose  precipitates  are  obtained.  If  we  pro- 
ceed from  a  solution  of  fibrin  in  pepsin  hydrochloric  acid,  we  first 
neutralize,  heat  to  boiling,  filter,  concentrate  the  filtrate,  and  satu- 
rate it  with  common  salt  in  substance.     The  precipitate  is  filtered. 
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wafih^  with  a  istarated  ttlt  folntion,  and  then  treated  with  a  10 
per  cent  XaCl  sola t ion;  what  remains  is  called  djsalbnmoee.  The 
filtered  aolotion  bi  repeatedly  and  completely  dialyzed.  A  part 
geparatea  which  ifl  heteroalbamin,  while  the  protalbamoee  remaina 
diiwoUed  in  the  lionid.  The  abore-mentioned  filtrate  which  has 
bar]  the  primary  albamoaes  remoTed  and  saturated  with  common 
salt  U  treated  with  acetic  acid  which  has  preTionsIy  been  saturated 
with  Malt.  The  precipitate  consists  of  denteroalbamose.  The  re- 
miltiiig  lUtratey  from  which  a  new  precipitate  separates  on  satura- 
tion with  ammoDiom  sulphate,  contains  the  remainder  of  the 
deuteroalbumofne  and  a  little  peptone. 

For  the  preparation  of  true  peptone  we  may  use  a  prolonged 
pepnin  digestion,  but  much  quicker  results  are  obtained  by  the 
use  of  the  trypsin  digestion.  The  neutralized  liquid  is  heated 
t/i  b<>iling,  filtered],  snmciently  concentrated,  and  saturated  while 
b^iiling  hot  with  ammonium  sulphate.  The  albumoses  which  sepa- 
rate are  filter^.-rl.  If  any  j)eptone  is  present  in  the  cold  filtrate,  a 
beautiful  biuret  rea^rtion  va  obtained  by  the  addition  of  very  strong 
caustic  s^xla  solution  and  a  little  copper  sulphate  solution,  though 
when  the  pro<lur;ts  of  pej)sin  digestion  are  employed  this  may 
def^end  on  non -precipitated  deuteroalbumose.  The  greater  part  of 
the  ammonium  sulphate  may  be  removed  from  the  filtrate  by  evap- 
oration and  crystallization  or  by  jiartial  precipitation  by  alcohol. 
What  now  remains  is  sefmrated  by  the  addition  of  barium  hydrate, 
and  lastly  by  barium  carbonate  with  heat.  The  filtrate  is  concen- 
trated and  precipitated  by  alcohol.  In  regard  to  the  more  detailed 
a^;counts  of  the  propose<l  methods  for  the  preparation  of  pure  pep- 
t/>nft  and  the  different  albumoses  the  reader  is  referred  to  the  works 
of  Krif.VK,  Chittkn'Dk.v,  and  Nelmelster. 

The  methods  for  the  detection  of  albumoses  and  peptones  in 
fluidrf  and  tissue  are  not  very  accurate,  and  therefore,  as  they  can- 
not \)('.  given  without  criticism  which  does  not  enter  into  the  scope 
and  plan  of  this  work,  they  will  be  omitted. 

Coagulated  Albuminous  Bodies.  Albumin  may  be  converted  into 
the  Cf>agulat#;fl  (KmAMum  by  different  means:  by  heating  (see  page 
18),  by  the?  action  of  alcohol,  especially  in  the  presence  of  neutral 
salts,  and  in  certain  cases,  as  in  the  conversion  of  fibrinogen  into 
fibrin  (Chapter  IV),  by  the  action  of  an  enzyme.  The  nature  of  the 
pn>cesses  which  take  place  during  coagulation  is  unknown.  The 
coagulati?d  albuminous  bodies  are  insoluble  in  water,  in  neutral 
salt  solutions,  and  in  dilute  acids  or  alkalies,  at  normal  temperature. 
They  are  diss^dved  and  converted  into  albuminates  by  the  action  of 
less  dilute  acids  or  alkalies,  especially  on  heating. 
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II.  Proteid. 

With  this  name,  as  suggested  by  Hoppb-Seylbr,  we  designate 
B  class  of  bodies  which  are  more  complex  than  the  albumiuoiiB 
bodies  aod  wbich  yield  au  iieurest  splitting  products  albuminous 
bodies  on  one  side  and  non-pruteiii  bodies,  such  as  coloring  matters 
and  carbohydrates,  on  the  other. 

The  most  important  sabstances  belonging  to  this  group  are  the 
blood  -  coloring  matter,  A(/'«W'7/oi!'in,  which  will  be  thoroughly 
treated  in  a  following  chapter  (Chapter  IV),  and  mucin  substances 
or  allied  bodies. 

Hacin  SubBtancea.  We  designate  as  mucin  colloid  substances 
whose  solutions  are  mucilaginous  and  thready,  and  which  when 
treated  with  acetic  a^id  give  a  precipitate  insoluble  in  an  excess 
of  acid,  and  on  boiling  with  dilute  mineral  acids  yield  a  substance 
capable  of  reducing  copper  oxyhydrate.  This  last-mentioned  fact, 
which  waa  first  observed  by  Eichwald,  differentiates  mucin  from 
other  bodies  which  have  long  been  mistaken  for  it  and  which  have 
similar  physical  properties.  On  the  other  hand,  bodies  whose  pby- 
aical  properties  differ  from  it  but  which  give  a  reducible  substance 
on  boiling  with  dilute  mineral  acids  have  also  been  designated  as 
mucin. 

The  different  bodies  characterized  as  mucin  substances  cor- 
respond, first,  either  to  true  mucin  or,  second,  to  mucoid  or  mudnotd. 

All  mucin  substances  contain  carbon,  hydi-ogen,  nitrogen, 
aulphur,  and  oxygen.  Compared  with  albuminous  bodies  they 
contain  less  nitrogen  and,  as  a  rule,  less  carbon.  As  close  decom- 
position products  they  yield  albuminous  bodies  on  one  side  and 
carbohydrates  or  acids  related  thereto  on  the  other.  On  boiling 
with  dilute  mineral  acids  they  all  give  a  reducible  substance. 

The  trtie  mucinn  are  characterized  by  their  natural  solution,  or 
one  prepared  by  a  trace  of  alkali,  beiug  mucilaginous,  thread-like, 
and  giving  a  precipitate  with  acetic  acid  which  is  insoluble  in  excess 
of  acid.  The  mucoida  do  not  show  these  jthysioal  proiierties  and 
have  other  solubilities  and  precipitative  properties.  As  we  have 
intermediate  steps  between  different  albuminous  bodies,  so  also  we 
have  such  between  true  mucins  and  mucoids,  and  a  sharp  line 
between  thesf  two  groups  cannot  be  drawn. 
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Tme  mncinB  are  iecreted  bj  the  bu'ger  muoom  ^ands,  by  certain 
macooj  mem braneSyaljobj  the  akin  of  snaQs  and  other  animala.  Tme 
mncin  alBO  occars  in  the  oonnectire  tissae  and  narel-cord.  Some- 
tim«8y  as  in  i naib  and  in  the  membrane  of  the  frog-egg  (Giacosa), 
a  mother -fubfltanoe  of  mucin,  a  mucinogen,  has  been  foond, 
which  maj  be  conTerted  into  mncin  bj  alkalies.  Mucoid  substances 
are  found  in  cartihige,  certain  cysts,  etc  As  the  mucin  question 
has  been  rery  little  studied,  it  is  at  the  present  tiii.d  impossible 
to  gire  any  positire  statements  in  regard  to  the  occurrence  of 
mucins  and  mucoids,  especiaUy  as  without  doubt  in  many  cases 
non-mucinons  substances  iiave  been  described  as  mucins.  So  much 
is  sure,  that  mucins  or  nearly-related  bodies  occur  widely  diffused  in 
the  organism  of  certain  tissues.  From  their  decomposition  prod- 
acts  we  deriTe  a  great  deal  of  knowledge  in  regard  to  the  forma- 
tion and  splitting  of  carbohydrates  or  kindred  bodies  (glycuronic 
acid)  from  other  complex  atoms. 

True  Mucin.  Thus  far  we  hare  been  able  to  obtain  only  a  few 
mucins  in  a  pure  and  unchanged  condition  due  to  the  reagents 
use^l.  The  elementary  analyses  of  these  mucins  have  given  the 
following  results: 

C  H        N  8  O 

Mucin  from  iDsIl 90  82  6.84  18.65  1.75  S7.44  (Hammabsten.) 

Mucin  from  nerre ¥i.'M)  6.44  11.75  0.81  83.70  (Loebisch.) 

Mucin  from  tub-mazUbiris  48  84  6.80  12.82  0.84  81.80  (Haiocabstbn.) 

The  mucin  of  the  snail-skin,  which  stands  closest  to  keratin, 
contains  more  sulphur  than  the  other  mucins.  The  sulphur  is 
moreoTcr,  at  least  in  certain  mucins,  part  in  loose  and  part  in  strong 
chemical  union. 

By  the  action  of  superheated  steam  on  mucin  a  carbohydrate, 
animal  gum  (Laxdweiik),  is  split  off.  On  boiling  mucin  with 
dilute  mineral  acids,  acid  albuminate  and  bodies  similar  to  albu- 
mose  or  peptone  are  obtained,  besides  a  reducing  substance  which 
has  not  been  closely  studied.  By  the  action  of  stronger  acids  we 
obtain  among  other  bodies  lencin,  tyrosin,  and  Isevulinic  acid 
(Laitdwehr).  Certain  mucins,  as  the  submaxillaris  mncin,  are 
easily  changed  by  very  dilute  alkalies,  as  lime-water,  while  others, 
such  as  nenre-mucin,  are  not  affected  (Losbisch).    If  a  strong 
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caustic  alkali  Bolntion,  as  a  5  per  cent  SOU  solution,  ie  allowed  to 
act  on  sub-maxillaris  muciu,  we  obtain  alkali  albuminate,  a  body 
eimilar  to  albumose  and  peptone,  and  one  or  more  sobBtancea  of  aa 
acid  reaction  and  with  strong  reducing  powers. 

In  one  or  the  otijer  respect  the  different  mucins  act  somewhat 
differently.  For  example,  the  snail  and  nerve  mucins  are  insoluble 
in  dilute  hydrochioric;  acid  of  1-2  p.  m.,  while  the  mucin  of  the 
submaxillary  gland  and  the  nave)  cord  are  soluble.  Nerve-muciu 
becomes  flaky  with  acetic  acid,  while  the  other  mucins  are  precipi- 
tated in  more  or  less  fibrous,  tough  masses.  8till  all  the  mucins 
have  certain  reactions  in  common. 

In  the  dry  state  mucin  forms  a  white  or  yellowish-gray  powder. 
When  moist  it  forme,  on  the  contrary,  flakes  or  yellowish-white 
tough  lumps  or  masses.  The  mucins  are  acid  in  reaction.  They 
give  the  color  reactions  of  the  albuminous  bodies.  They  are  not 
soluble  in  water,  bnt  may  give  a  neutral  solution  with  water  and 
the  smallest  quantity  of  alkali.  Such  a  solution  does  not  coagulate 
on  boiling,  while  acetic  acid  gives  at  the  normal  temperature  a 
precipitate  which  is  insoluble  in  an  excess  of  the  precipitant.  If 
5-10;(  NttCl  be  added  to  a  mucin  solution,  this  can  now  be  care- 
fully acidified  with  acetic  acid  without  giving  a  precipitate.  Such 
acidifled  solutions  are  copiously  precipitated  by  tannic  acid;  with 
potassium  ferrocyanide  they  give  no  precipitate,  but  on  sufficient 
concentration  they  become  thick  or  viscons.  A  neutral  solution  of 
mucinalkali  is  precipitated  by  alcohol  in  the  presence  of  neutral 
salts;  they  also  give  precipitates  with  several  metallic  salts.  If 
mncin  is  heated  on  the  water-bath  with  dilute  hydrochloric  acid  of 
about  2^,  the  liquid  gradually  becomes  a  yellowish  or  dark  brown 
and  reduces  copper  oxhydrate  from  alkaline  solutions. 


The  mucin  most  easily  obtained  in  large  quantities  is  the  sub- 
maxillary mucin,  which  may  be  prepared  in  the  following  way: 
The  filtered  watery  extract  of  the  gland,  as  colorless  as  possible,  u 
treated  with  25^  hydrochloric  acid,  so  that  the  liquid  cortaina 
1.5  p.  m.  HC1.  On  the  addition  of  the  acid  the  mucin  is  imme- 
diately precipitated,  but  dissolves  on  stirring.  If  this  acid  liquid  ia 
immediately  diluted  with  2-3  vols,  of  water,  the  mucin  separates 
and  may  be  purified  by  redissolving  in  1-5  p.  m.  acid  and  diluting 
with  water  and  washing  therewith.     The  mucin  of  tlie  navel-cord 
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m%j  Im  pTftpared  In  the  mme  wsj.'  The  nerre  macin  '^  prepared 
from  nertes  whl'^h  hare  (irxt  been  freed  from  albnoiin  by  common- 
aftlt  solotion  aikI  wnt'ir.  They  nre  extracted  vith  lime-water,  the 
Bltrat^i  in  precipUBt«(I  with  a<;etic  acid,  and  the  precipitate  parified 
by  reiJiMulrinic  in  dilute  alkali  or  lime-water,  precipitating  with 
acid,  and  waanlng  wilh  water  (Koi.i.ktt.  Loebisch).  Laatly,  the 
mucin  is  treated  with  alcohol. 

'i.  HQCoidi  or  Koctnoidi,  Tn  thin  group  helong/^seuifomucm, 
which  owmm  in  ovnrial  tirjuidii,  calloid,  whioh  is  probably  related 
thereto,  and  chfindromumid,  which  occurs  In  cartilage.  These 
bodieH  will  be  treated  of  later  in  their  rexpective  chapters. 

Ilfal«fn  Unilor  thin  nam*  KnnKKHiiKnn  hui  deHlgnnred  a  number  of 
dlfferliiit  |ir>jtHn  tindlei.  wlili^h  are  cbnrai^tgrixcd  hy  ibo  fi>l1ontng:  By  ihe 
Bciiun  iir  nIhNllM  llify  cliange,  wllh  the  iiiIUiIds  off  of  aiilpbur  and  nltroKco, 
luUi  a  wilulilo  nXlTOgerAtml  ttn)(liii^t  calliKl  hy  tilui  hyaliiu  nnd  wlilcli  yluldB  a 
Iiiifn  furlMiliyilnimniy  fiirtW  [looimpuollloo,  WUliln  Ihia  group  lliu  most 
wliliilv  iIIIT-rlnir  ■iilwiaii''ni  may   Biiil  plii(i«,  ■«  for  lutlaucu  true  mucin  and 

t I'll  I    '!<'-  ".  <  mil  ri  miifin  of  Uit  hoMkwritt,  ntrntin  of  tbu  e<lfl)le  bird'auest, 

lit"'/'  '      I'    viriryard  «nall,  the  oiiupA^n  and  «;>i'rcyrapAt'»,  nud  otber 

•lib  I  <         I      I  >'.vi<r  aniiiiali.    It  !■  of  verv  llLile  value  to  colkct  into 

oni'  r.i"'i|'  .<'   II hlTrrliig  lubatNnuea.  wlijiili  fmru  very  Utile  in  oomtnon, 

iiiiitl  wi<  liiivi'  ii'iknii'il  wiib  wiitin  rU'f[riii  iif  i-rrliiinty  thu  nature  of  the  re- 
duiilblH  lulMlNiKV*  arid  otliar  pnNliirlii  (ibtninwl  Troiii  LUom. 

III.  Albumoids  or  Albuminoids, 
lliidpr  thii  name  wo  oollct^it  into  n  speciitl  group  all  those  pro- 
tein bodioii  which  uaniiol.  bo  placed  in  either  of  the  other  two 
grtmiM,  although  thny  dilTc<r  oatientially  amniig  Iht^mselvoB  and  from 
«  nlipniiunl  iitaiid|i»iiit  dii  not  ahow  any  prcvuilin^  dilTereuce  from 
thu  oriHniiry  tillmmiiioua  l)oilicH.  Tim  niowl  irnportitnt  and  abun- 
dant of  tti«  biidiiw  btilungiiig  to  this  group  uro  imjiortniit  con- 
■tltuenta  of  tho  uuimnl  HttcUiton  or  the  nninial  structure.  They 
oectir  as  a  rule  In  nn  insoluble  state  in  the  organism,  and  they  are 
marked  in  most  ciuiefl  hy  h  groat  resistance  to  reagents  which  dis- 
•olYe  albnmiiiM  or  to  cliomical  reugenta  in  general. 

The  Kemtio  Oroup.  Koratin  is  the  chief  constituent  of  the 
horny  alntcturo,  of  the  opidermis,  of  hair,  wool,  of  the  nails,  hoofs, 
horns,  foalhen,  of  tortoiso-sliul],  dtn„  etc  Koratin  is  also  found  as 
nourokenitin  (KiiliNK)  in  tho  hntin  and  nerves.  Thu  shcll-mem- 
bnnn  of  tho  hen*«  egg  seemH  tAito  to  nnnl«in  komtin. 

'  Tlio  Kiilbor  hai  not  tN«ti  bM*  to  obtain  tills  pure,  «o  the  nnalfats  has 
It  btco  flnn  In  ib«  itrevlotis  labln  ot  the  muolna, 
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It  seema  that  there  exist  more  than  one  keratin,  aod  these 
varieties  form  a  Bpecial  group  of  bodies.  This  fact,  together  with 
the  diffioultj  m  ieolatiug  the  l^eratin  from  the  tissues  in  a  pure 
coQditioii  without  &  partial  decomposition,  is  sufficient  ezplanation 
for  the  yariation  in  the  elementary  constitulion  given  below.  As 
examples  the  analyses  of  a  few  tissues  rich  in  keratin  and  of  kera- 
tin itself  are  givei:  aa  follows: 


..  GS.II-SS.U       T.M-S.OI       ll.ie-14.Sl 
Harn(Hfra«e).        KM  B.M  ..  . 

Tortob»cbBU...        HW  S.U  laTT 


Salphur  is  at  least  in  part  in  loose  combination,  and  it  is  partly 
removed  by  tbe  action  of  alkalies  (as  sulphides),  or  indeed  by  boil- 
ing with  water  (Chevebul).  Combs  of  lead  after  long  usage 
become  black,  and  this  is  due  to  the  action  of  the  sulphur  of  the 
hair.  On  heating  keratin  with  water  in  sealed  tubes  at  a  tempera- 
tore  of  150°  to  200°  C,  it  dissolves,  with  the  elimination  of  sulphu- 
retted hydrogen,  forming  a  non-gelatinizing  liquid  which  contains 
albumose  (called  keratinone  by  KRrKEN'DCRO)  and  peptone  (?). 
Tbe  keratin  may  be  dissolved  by  alkalies,  especially  on  heating, 
forming,  besides  alkali  sulphides,  albumosee  and  peptones  (?). 
That  tbe  keratin  in  the  organism  is  formed  from  the  albumin  is 
not  to  be  denied.  Drecdkel  believes  that  in  keratin  a  part  of  the 
oxygen  of  tlie  albumins  ia  exchanged  for  sulphur,  and  a  part  of  the 
lencin  or  any  other  amido-acid  is  exchanged  for  tyrosin.  The 
products  of  decomposition  of  keratin  and  of  albumin  are  similar, 
except  that  the  former  gives  proportionally  a  greater  amount  of 
tyrosin  (3-5 J), 

Eeratin  is  amorphous  or  takea  the  form  of  the  tissues  from 
which  it  was  prepared.  On  heating  it  decomposes  and  generates 
an  odor  of  burnt  born.  It  is  insoluble  in  water,  alcohol,  or  ether. 
On  heating  with  water  to  irt0°-200°  C.  it  dissolvep.  It  also 
dissolves  gradually  in  caustic  alkalies,  especially  on  heating.  It  is 
not  dissolved  by  artificial  gastric  juice  or  by  trypsin  solutions. 
Keratin  gives  the  xanthoproteic  acid  reaction,  as  well  as  the  reac- 
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'rf  ^'^-^.M  .4  ^•',*'-*«  .'.<*/!  ^r,  p«-.':f*f^.-r,i.-ir..  Or:  hcacinr  w::a  wacer  in 
' ;  r/i(.r,  » A ;/»./.;  ^  ^  ^r.  v/, . . .'  /  ir .  *.  r.  'i . . :".  V:  v;id*.  or  "oT  :  he  ac  ;!«:•  n.  of  a 
'.'**,'■/./,  r .f.  *T.Z7rri,  '.f,#^,  *k-w'.r.  'i,.-h^A'^^  ar.'i  »dI;:^  into  two  •?h:ef 
.'.-'•r , / *v ,  /  ;* , . t.f\  %f  i * ''/ *c /!  * ''. z fc w * K f  Aig rA Uiajidu  and  «//jj*; * « ^*' i- :o ne. 
A  //A/ ': .  r.  /  *A  ^ ,  p{  ;Tt  f.^u9%  TktA  H  A  E^ ,  these  pr»xi  G  ct«  convspond 
*/r  * »/,  *»%'rrr.//«^«  'J/«i/r*ar^;/J  ^T  thfrm  protfMtloJitoAt  and  deut^rn^ 
0htwh,nii,  7  r»*t  f♦r^^  i<  v,^ir,ift  ir*  ^y/M  wati-r  and  separaces  on  heating, 
;«r,/|  »u  x//ir«^}/,tf  i<  \9t^j\y\^jsk^Jr^\  '(tj  mineral  a/^id  aa  well  as  bj  acetic 
v»/I  *^'I  j^^,*«»rjr/i  ffrrr^ijArMh,  The  watery  solution  of  the  other 
/)/^«  r*//f.  \^/»fUP.  f-Aowly  ou  heatiri;(,  and  is  not  precipitated  bj  the 

t'fiffi  dry  <;lMt.iri  U  a  j^ttowiMh-white  powder;  in  the  moist  state 
tt  mpfi^mrH  lik«f  yf.\\ow'iH},'WhiUi  threa/Jjf  or  membranes.  It  is  insol- 
(iMa  ifi  wt^fMTt  Hlf'^ihol,  or  iiihitr,  anrl  nhows  a  resistance  against  the 
fi^-iUm  //f  /fh^ni'^*)  r*'Mf((^uU,    It  Im  not  diasolTed  by  strong  caostic 
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alkalies  at  the  ordinarj  temperature,  and  only  slowly  at  the  boiling 
temperature.  It  ts  very  slowly  attacked  by  cold  concentrated  snl- 
phnric  acid,  and  it  is  relatively  easily  dissolved  on  warming  with 
strong  nitric  acid.     It  gives  Millon's  reaction. 

On  acconnt  of  its  great  resistance  to  chemical  reagents,  elastin 
miLy  be  prepared  (beat  front  the  ligamentum  nuchffi)  in  the  fol- 
lowing way:  First  boil  with  water,  then  with  \%  caustic  potash, 
then  again  with  water,  and  lastly  with  acetic  acid.  The  residue 
is  treated  with  cold  5^  hydrocliloric  acid  for  twenty-four  hours, 
carefully  washed  with  water,  boiled  again  with  water,  and  then 
treated  with  alcohol  and  ether. 

Collagen,  or  glue-forming  anbatance,  occurs  very  extensively  in 
the  animal  kingdom,  especially  in  the  vertebrates,  seldom  in  the 
invertebrates.  Collagen  is  the  chief  confititueut  of  the  fibres  of 
the  connective  tissue  and  (as  ossein)  of  the  organic  substances  of 
the  bony  structure.  It  also  occurs  in  the  cartilaginous  tissues  as 
chief  constituent,  but  it  is  here  misod  with  another  substance 
which  was  formerly  called  chondrigeu.  Collagen  from  different 
tissues  has  not  quite  the  same  composition,  and  probably  there  are 
several  varieties  of  collagen. 

By  continuously  boiling  with  water  (more  easily  in  the  presence 
of  a  little  acid)  collagen  is  converted  into  gelatine.  Uofueistbb 
found  that  gelatine,  on  being  heated  to  130"  0.,  is  transformed  into 
-collagen;  and  this  last  may  be  considered  as  the  anhydride  of  gela- 
tine.    Collagen  and  gelatine  have  the  following  composition : 

C  H            N  8+0 

CoItaKen 50.75  6.47  17.86  24.93  (HonaciBTSa) 

UelnUne  (frotn  liartshom).     49.81  6.56  \n,M  2.^.77  (Muldkb.) 

GelHline  (from  bones) 50.00  fi.50  17.50  26.00  (Fbbmt.) 

The  gelatine  contains  about  0.6^  sulphur,  which  probably  be- 
longs to  the  gelatine  and  hardly  exists  there  as  an  impurity  from 
the  albnmin. 

The  investigations  in  regard  to  the  decomposition  products  of 
collagen  have  been  made  on  gelatine.  Gelatine  yields,  under  simi- 
lar conditions  as  albuminous  bodies,  amido-acids,  but  no  tyrosin. 
It  yields  a  large  amount  of  glycocoll,  to  which,  on  this  account,  the 
name  of  glue-augar  has  been  given.    On  putrefaction  gelatine  gives 


^ 


*^\\\    >^  ^f.moa^f  sTrtKn  a   'u%f  utJttsu  .n  ^Biatina.  md  :r  ica  jka 

.A-.^      J.  i".    -rsoiin^   ^^iiut  v^m  .ir«-irTw:mijric   mezil  mii 

^ir/r.n  *?"..-!    i.^Ti  ^^.r.j^  »»v   iiu  w £11  *  .iirm«f:.  Bc-r^jTza  imi  JT3.- 

' yj'.;t4ffi^    »    nag-^tntptfs   n  v'tt^tT  ittit  •triinnniu.  tilnte  iciia.  imi 

/TiMinr>fi».>    v*  ^.Mrin;c   4i*.«rf.  vAJt^n  ^xirja^A,     *,«\iLdipsa.  7«iCdii  by 

rii-'rt    r^t^-**   .".,•' TV.. ijr  *  4t.r.'<7   ..r/i.rt,  wij^a  ir.Ltiidai  on  tHiciinx 

'V^**/  p//»^.  ^/>u?  '.<%  v,i.,x,or..«  'in  v^iIIt-z  *2^  riot  pr^iiinA^ed 
*.  ".'•-•  v/  rf.,T.^M  v,.*:*,  v>^ry,  v..'^,  al'^m.  Ik^  atf>^ta:e.  or  zcinenl 
*».  -#    -  y.'^-'Af44      A  /*t.*f  -A  V,:  .'..^r.  ^^.A.tfui  Tri'h  aoiesic  an::-!  may 

•'.^  .  I*,  .,■'!  f>rf,Aif,^  ri^A,f,  0*iAf..r.«:  ar/Iationa  are  pre<:ip::a:i=d 
'./  ^Af.t.,^.  V  .''I  ,r.  •■r»^,  fir»«^y>:  of  «!il*;  by  acetic  acid  and  OjmmoD 
/ , ,  *  , r.  *f,fM^ x,tM ;  m^f'y» t,f.  *.u\ or. '^J ^  In  t he  pregence  of  H CI  and 
'»;»/,,  ;,ir,''/»;,f./#rr.oJ7v:,/',  a/icJ  ir.  rr*e  pre^  nee  of  acid:  and  Lis:  ly  by 
*l'//h//l, '-^^x-ZM*!/  wf./^r*  r./r'i*./*!  *al?.-5  are  pre-^ent.  Gelatine  sola- 
h///,'  'lo  r,o*  'J.f?'#"'  ^/'■,A\r,';  ;^iwr'-  the  bin  ret  reaction,  but  not 
A  r' A  w K  r r  « f'  />.  1 1  /; »<^  Mi /.//; 5^ '^.  nra/.-tion  and  the  xanthoproteic 
M/ld  rfwi'ioti  n^f  ffttt,y',y  'K^tt  it  prof/ahly  o^ynurs  from  an  impurity 
t'09t»'i»i'tuv,  of  alhfir/ffo.  I'y  ^tontirirjouii  boiling  with  water, — espe- 
t'mWy  III  Hi^  \,ft'UA'utA*  of  'li\ti^4'  ;i/:id,    alffo  by  digef>ting  with  gastric 
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jnioe  or  trypsin  Bolutioo,  gelatine  Iobob  the  property  of  gelatin- 
izing and  is  transformed  into  gelatine-peptone. 

According  to  Hofmeister  it  spliu  <dIo  two  aiibstances,  temiglutin  And 
henieolUn.  The  (ormer  is  insoluble  lu  alcobol  of  70-40$,  nnd  is  precipiUled 
by  plalimim  cbloHde.  Tbe  latter,  niiicb  is  uot  precipitulird  by  plstinum 
chloride,  dissolves  la  alcobol. 

Collagen  ma;^  be  obtained  from  bones  by  extracting  v it h  hydro- 
chloric acid  (which  dissolves  the  earthy  matters)  and  then  carefully 
removing  the  acid  with  water.  It  may  be  obtained  from  tendons 
treated  with  lime-water  (which  dissolves  the  alljumin  and  mucin), 
and  then  thoroughly  washing  with  water.  Gelatine  is  obtained  by 
boiling  collagen  with  water.  The  finest  commercial  gelatine  con- 
tains  a  little  albumin,  which  may  be  removed  by  allowing  the  finely- 
divided  gelatine  to  swell  iu  cold  water  and  estruotiug  thoroughly 
with  large  quantities  of  fresh  water.  In  regard  to  the  preparation 
of  gelatine  from  cartilage  see  Chapter  VIII. 

Chaadrin  is  only  a  mixture  of  gluu  with  the  specific  constituents  of  cartUase 
and  Ibelr  tntDaformaliou  products.  Bpongin  fornia  Ihe  great  maas  of  Ibe  or£- 
nary  Bponge.  It  gives  ou  gelidiue,  and  on  boiling  nitli  ncids  it  yields  leucin 
SDO  glycocull.  but  no  lyrosfD.  Conohiolln  is  foiiud  in  Ibe  sbells  of  musiielft 
and  Hiialls,  Htid  niso  iu  the  eg^'-sliells  of  tbese  aolnials.  It  yields  Ituciu  but  no 
lyroeln.  Byuos  contaioa  a  substance,  closely  related  to  cnncliiuliD,  wbich  fs 
soluble  wilb  dilUcully.  Comsin  forms  tlie  axial  Hyglem  of  tlie  Antipalbei  and 
Gorgonia.  Ii  glees  leuclii  and  a  crystal llzable  Bubslance,  eornieryttaUiai^Kn- 
KKNHBHO},  Pibioin  and  Barioin  ore  tbe  two  cbtef  constituents  of  niw  silk. 
By  tbe  action  ol  Kuporbeated  water  ibe  eerlciu  diasotvea  and  gelatinizes  on 
ciioliag  (silk  gelatine),  wblle  the  more  ditficiiltly  Miiuble  Qbroin  remains  un- 
dissolved Id  the  sliape  of  the  orlglual  fibre.  On  boiling  wllb  acid  the  librolu 
Slelds  alanln  (Weti.),  glycocoll.  and  a  great  deal  (5-8S}  of  lyrosin.  Fibroin  la 
Issolved  in  cold  concentrated  Lydrochloric  acid  witb  the  expulsion  of  If  ni- 
trogen as  ammonia,  nnd  It  Is  converted  into  another,  nearly -related  fiubslanco 
CAlled  serlcoin  (Wktli,  8ericia  yields  iiu  glycocoll  but  Itucln  nnd  a  cr^'stal- 
lliablc  substance  called  serin,  llie  composition  of  tbe  above  -  nieuii  on  ed 
bodies  Is  as  follows : 


H 


N 


Onnchlolln  (from  snail-eggs]  50.93  .  .  _ 

Spondn 48.B0  fl  30  16.30 

48.T5  6,35  18,40 

Comein 48,96  ,1,90  16  81 

Fibroin 48.83  8.27  18,31 

Sericin 44.83  6.18  18.30 


0.81      24.S4  {KRCKBTtBERQ  > 

0,5      87.50  (Cboockbwitt.)  ] 

(PoBSELT,) 

....     E8  SB  (EnCKBNBEBi 
....    37,19  (Crahicb.) 
. ,..     80,20  (Chamkk.) 


Antyloid,  so  called  by  Virchow,  is  a  protein  aubBtance  appear- 
ing nnder  pathological  conditions  in  the  internal  organs,  such  aa 
the  spleen,  liver,  and  kidneys,  as  infiltrations:  and  in  serous  mem- 
branes as  granules  with  concentric  layers.  It  probably  also  occurs 
M  a  oonstttuent  of  a  few  prostate  calculi.     Amyloid  has  not  been 
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obUiued  pure,  therefon*  iU  composition  cannot  be  given  with  oer- 
iiiiuty.  FKiEiiKKir-H  and  Kekt lb  found  C  53.6;  H  7.0;  N  15.0; 
auid  H  +  ^  •M.4f.  Ki'HKE  and  Biiineff  fonnd  1.3^  snlphiir. 
Amyloid  in  not  relaUKl  U.\  the  carboliyd rates,  and  on  boiling  with 
actidn  it  pviis  neillier  gluc-ose  nor  auv  other  reducing  Bubstance. 
<  In  the*  (Hintrarv,  it  yield m  leucin  and  tyrosin. 

It  in  iuMolulilt*  in  water,  alexihol,  ether,  dilute  hydrochloric  add, 
and  aoetic  at'id.  It  in  diiwolved  in  concentrated  hydrochloric  acid 
iir  cmuntir  alkali,  and  id  oonverted  into  acid  or  alkali  albuminates 
aiHuirding  to  the  agents  employed.  According  to  KosTJURiK, 
amyloid  in  dlMuIvtHi  liy  t  he  gantrie  juicx^,  which  is  the  reverse  of  older 
thmiritw.  Ani\loid  gives  the  xanthoproteic  acid  reaction  and  the 
rttaclious  nf  Mii.uiK  and  AiuMKiEWirz.  Its  most  important 
pmjHTty  i»i  itti  U'ltHvinr  with  i*ertain  (coloring  matt<ers.  It  is  colored 
rtniiiihh  brown  or  «  dingy  violet  by  ii»dine;  a  violet  or  Uue  by  iodine 
and  sulphuno  ai'id:  red  by  met hylaniline  iodide,  especiaUj  on  the 
aildiikon  of  uivtii-  arid;  and  hmI  by  aniline  grt^n. 

Amvloid  ill  prejiartnl  by  extracting  the  tissue  with  cold  and 
ihen  Ukihtii:  WMier,  afterwards  with  alivhol  and  ether.  After  boil- 
\\\Xi  With  al\x*hi«l  iMinaininf;  hvdnvhlorio  lu^id  and  digesting  with 
jrasiTio  jiuiv.  ihjii  «)uoh  i^  insiiluble  is  ivnsidered  as  amvloid.  As 
\\w  anivlv^ivl  m«i\  Iv  diHS^tlved  by  the  gastric  juioe^the  utility  of  this 
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THE  ANIMAL  CELL, 

Tszcell  is  the  nnit  of  the  manifold,  variable  forms  of  the  organ- 
ism ;  it  forms  the  eimpkst  phyeiological  apparatus,  and  as  such  is  the 
Beat  of  chemicul  processes.  It  is  generally  admitted  that  all  chemi- 
cal processes  of  importance  ila  not  take  place  in  the  animal  fluids, 
but  proceed  in  Che  cells,  which  may  be  considered  as  the  chemical 
laboratory  of  the  organism.  It  is  also  principally  the  cella  which, 
through  their  greater  or  leas  activity,  regulate  or  govern  the  range 
of  the  chemical  processes  and  also  the  intensity  bl  the  total  ex- 
change of  material. 

It  is  natural  that  the  chemical  investigation  of  the  animal  cell 
should  in  most  cases  coincide  with  the  study  of  those  tissues  of 
which  it  forma  the  chief  constituent.  Only  in  a  few  cases  can  the 
cells  be  directly,  by  relatively  simple  manipulations,  isolated  in  a 
rather  pure  state  from  the  tissues,  as,  for  example,  in  the  investiga- 
tion of  pus  or  of  tissue  very  rich  in  cells.  But  even  in  these  caseft  J 
the  chemical  investigation  may  not  lead  to  any  positive  results  in  1 
regard  to  the  constituents  of  the  uninjured  living  cells.  By  the 
process  of  chemical  transformation  new  substances  may  be  formed 
at  the  death  of  the  cell,  and  at  the  same  time  physiological  constitu- 
enteof  the  cell  may  be  destroyed  ortraiieported  into  the  surrounding 
iTienetruum  and  therefore  escape  investigation.  Forthis  and  other 
reasons  we  possess  only  a  very  limited  knowledge  of  the  constituents 
and  the  constitution  of  the  cell,  especially  of  the  living  one. 

While  young  cells  of  different  origin  in  the  early  period  of  their 
existence  may  show  a  certain  similarity  in  regard  to  their  form  and 
chemical  constitution,  they  may,  on  further  development,  not  only 
take  the  most  varied  forms,  but  may  also  offer  from  a  chemical 
standpoint  the  greatest  diversity.  As  a  description  of  the  con- 
stituents and  the  constitution  of  the  diiferent  cells  occurring  in  the 
animal  organism  is  Dearly  equivalent  to  a  demonstration  of  the 
chemical  relations  of  moat  animal  tissues,  and  as  this  exposition 
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will  be  found  in  their  respective  chapters,  we  will  here  only  discuss 
the  chemical  constituents  of  the  young  cells  or  the  oells  in  general. 

We  must  firet  differentiate  between  the  protoplasm  and  the 
nucleus. 

The  Protoplasm  of  the  generative  cell  consists  during  life  of  a 
aemi-solid  body  contractile  under  certain  conditions,  very  rich  in 
water,  and  the  mass  of  which  consists  mainly  of  albuminous  bodies. 
If  the  cell  be  deprived  of  the  physiological  conditions  of  life,  or  if 
exposed  to  destructive  exterior  influences,  such  aa  the  action  of  high 
temperatures,  of  chemical  agents,  or  Indeed  of  distilled  water,  the 
protoplasm  dies.  The  albuminous  bodies  which  it  contains  co- 
agulate at  least  partially,  and  other  chemical  changes  are  found  to 
take  place.  The  alkaline  reaction  of  the  living  cell  may  be  converted 
into  an  acid  by  the  appearance  of  paralactic  acid,  and  the  carbohy- 
drate, the  glycogen,  which  habitually  occurs  in  the  young  genera- 
tive cell  may  after  its  death  be  quickly  changed  and  consumed. 

The  albuminous  bodies  of  Ike  protoplasm  consist,  according  to 
the  general  view,  chiefly  of  globulins,  but  albumins  are  also  found. 
The  occurrence  of  globulins  in  the  animal  as  well  as  in  the  vegetable 
cell  has  been  specially  shown  by  Uopi'E-Seyler,  and  according  to 
this  investigator  two  globulin  substances,  vilellin  and  mtjosin, 
occur  in  all  protoplasm.  HALLiBrnTON  has  lately  closely  studied 
the  albuminous  bo^lies  of  the  lymphatic  cells,  and  found  two 
globulins  besides  an  albumin  probably  identical  with  serum  albu- 
min (see  Chapter  IV).  Of  the  globulins,  one  which  occurs  only  in 
small  quantities  coagulates  at  the  temperature  of  48-50°  C,  while 
the  other,  which  occurs  in  abundance,  is  coagulated  like  serum 
globulin  by  a  5^^  solution  of  MgSO,  at  75°  C.  The  widespread 
occurrence  of  globulins  and  also  of  albumins  in  the  protoplasm  of 
the  animal  cell  has  been  unquestionably  demonstrated,  but  these 
two  groups  of  albuminous  bodies  do  not.  at  least  in  many  cases, 
form  the  chief  mass  of  the  protoplasm.  The  protoplasm  seems  to 
consist  in  great  part  of  very  complex  protein  substances,  the 
protfids  on  one  side  and  the  nucleoalbumins  on  the  other.  Of  all 
these  the  nucleoalbumins  appear  to  be  regular  constituents  of  the 
protoplasm,  and  they  do  not  only  appear  in  the  pus  c  ' 
cells  of  the  lymphatic  glands  (Hallikdrton),  but  also  in  almost  all 
varieties  of  glandular  cells.     The  chief  mass  of  the  albumins  found 
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in  the  protoplasm  appear  to  be  phosphorized,  a  condition  which  18 
of  importance  ae  ebowing  the  genetic  conneotioD  betveen  the  cell 
nucleuB  rich  in  phosphorus  and  the  protoplasm. 

The  extent  to  which  the  proteids  occur  in  the  young  generative 
cells  has  not  been  sufficiently  investigated;  nevertheless  these 
sabstances  occur  habitually  and  in  significant  amounts  in  certain 
epithelium  and  glandular  cells.  Diflicultly  soluble  protein  sub- 
stances are  also  found  in  dead  c^lla  or  in  organs  rich  in  cells  which 
act  like  coagulated  albuminous  bodies  when  treated  with  the 
ordinary  reagents. 

In  cases  in  which  the  protoplasm  is  surrounded  by  an  onter,  con- 
densed layer  or  a  cell  membrane,  this  envelope  seems  to  coTiaist  of 
albumoid  substances.  In  a  few  caaea^and  tliese,  according  to 
DoxDERS,  answer  for  the  primary  animal  cell  membrane — these 
enbetances  seem  to  be  closely  related  to  elastin;  in  other  cases,  on 
the  contrary,  they  seem  rather  to  belong  to  the  keratin  group. 
The  chemical  processes  by  which  these  albumoid  substances  are 
formed  from  the  albuminous  bodies  or  proteids  of  the  protoplasm 
are  nnknown. 

The  occurrence  of  phosphorized  organic  combinations  in  all 
protoplasm  is  without  doubt  of  the  greatest  importance  for  the 
functional  task,  as  also  for  the  development  of  the  cell.  Of  the 
phosphorized  combinations  in  the  cell  there  are  at  least  two  chief 
groups.  To  one  belongs  lecithin,  and  to  the  other  nuclein,  the 
latt«r  occnrring  partly  in  the  nucleoalbumiu,  and  forming  a  part  of 
the  chief  constituents  of  the  cell  nucleus. 

Lecithin.  This  body  is,  according  to  the  investigations  of 
Stbbcker,  Hdndeshaobk,  and  Oilbon,  an  ether-like  combination 
of  glycerophosphoric  acid  substituted  by  fatty  acid  radicals,  with 
&  base,  cholin.  Therefore  there  may  be  different  lecithins  accord- 
ing to  the  fatty  acid  contained  in  the  lecithin  molecule.  One  of 
these — disteari/llecilhin ~haa  been  closely  studied  by  Hoppe- 
Setler  and  DiAcoNowt 

C..H,„NPO.  =  HO.(CH.),N.C,H..O(OH)PO.O.C.H.:  (C,.n„0.),.  ] 

In  agreement  with  this,  if  lecithin  be  boiled  with  baryta-wate 
it  yields  fatty  acids,  glycerophosphoric  acid,  and  cholin.  It  is  only 
slowly  decomposed  by  dilute  acids.     Besides  small  quantities  of 
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f^lycitniplicNiphorio    lUMci   (porliapM  alw)  diBtcar}'IgIyccropho8phoric 
mill)  WM  littvo  liirKo  c|iiuiititi«8  of  free*  plioMphoric  acid  split  off. 

(lLyc!KiuM']|(»Ni'ii(>iur  Arm  (1I()),P0.().C,1I^(0II),  is  a  bibasic 
iM'iil,  wli it'll  pnilmhly  only  cMutiirH  in  tho  uiiimal  fluids  and  tissues 
iM  dpIiiLiii^  prcNlui't  of  hM'ithiii.  Tliu  ciioLiN,  which  seems  to  be 
iiloiitirul  with  tho  hiiMiH  HiNKAi.iN  (ill  iiiUHtunl-HPed)  and  ama^xitix 
<iii  u^iii'ifUM  inuii«*iiriuN)Jiiu«thi»  formuhi  iI(>.N((;iIJ,.C,II^.OH  and 
tH  I  lii<i'iifon«  oonMiilorod  iw  triiiicLliyli^tlioxyliuni  hydrate.  Cholin  ac- 
cuinliiif*lo  liuiKoKU  iH  not  tdoiitical  with  the  Imiho,  NKURIN,  prepared 
by  LiKiiKKicii  HM  11  (iooonipoHitioii  prcnluct  fmm  the  brain,  which  is 
poimiiloi*iHi  iw  trinic'llivlviiiyliuni  hydruto,  II().N(CHJ,.C,H,.  The 
roiiiliitiMtton  of  rlioliii  with  li>iirorhlc»ri(!  lU^id  ^ivos  with  platinum 
rhloi'iilii  It  «*rvK(Mlliii«*  «liMililo  rouihinution  wliich  18  easily  soluble  in 
«titi«i\  inNoliililo  ill  lilrohiil  iiiid  otlior,  and  which  crystallizes  in  six- 
miIim)  oriini:i*-i'oloivd  phitoM.     'DiIm  roniliiinition  is  usihI  in  detecting 

Lonihiii  ori'iirs,  (IN  ll(in*i<'-Si'.\  i.Kii  \\i\»  i«8pooia11y  shown,  widely 
«)i(Tu»<im)  in  llir  M'i:i<l:itilo  :inil  aniiniil  kin^^loins.  Aooording  to  this 
uno>lik::ilor.  It  «ti'riir>  ;iUo  in  in:in\  r:iM«s  in  combination  with 
\\\\w\  l>t«iiioN,  Mirh  ji}«  :iI)Minnnotis  bmiios.  I ncnioi;! obi n.  and  others, 
londun^  iiivoi\hnj»  t»»  norn>Sr\  i.i>K,  is  found  in  ni\srlv  all  animal 
«n»i  xci^Y'tjiMr  (vlls  llniN  f:ir  studied,  and  also  in  nearly  all  fluids. 
)i  i>  siv^i-mlK  jibundnnl  in  the  brain,  ncrxi^.  tisli-*^jj-i:^.  volk  of  the 
<•*:.>;  rii\  lnr>*l  oviiav.s  of  the  r?  »>•#.•/ /in  f!rrf"trhs,  AMnon  and  pns. 
«-.  .:  »^4se  '.11  \\\c  \\.i'.sc\i>it  av.ii  Mi>*»ireorpnsi-los.  bK\^»l -plasma, lymph, 
v....k  *«::.'.  *  .Jr.  *•>  viV,  :i>  m  oibrr  animal  juici^  and  liqiuds. 
.  i»,  .:..■:    i>  ji.N.^  r.  i.^jii  r.i  •.vijholoj:i*\"il  tissues  or  honioii, 

iO.^;< !..-..  n.jix  \m  o*^U,^iiv.  IV.  jiram*  or  man \  mac^^tt^  ivrnpi^fit-.i 
..:   Ni^iAll   »r X >;*".., -.jr   *oi«ii>s   I'x    sm^n^jh    v\>*>h^c   i:#  sio>*:i.^on    in 

■  *  *  ■  a 

»*4.v.^^,i    K^^^^.l'.      Iv.    itu-   ♦^.:x    >:j*ir  \\    has   a   >»a\\    a;'»'*vArji:';iV,  is 

•  •  • 

i'.  V.  ii  i>  )««s  9i.V:i.:i<:  .^.  t •:!!;••      \\   i>  »*.is?»o'ixeii  x'l^.^  ^}  oh: or; form, 

a  * 

IMuLiAi    ijti-t^   "nta.^!  %'\'*^    i.lu   -s^-.i^ ij.Sj.-^t.   of  &  >»-.»r   •vi'j.r       Or, 
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takes  place  and  the  reaction  becomes  acid.  In  pntrefying  lecttluQ 
yields  glycerophosphoric  acid  and  cholin;  the  latter  further  decom- 
poses with  the  formation  of  methylamin,  ammonia,  carbon  dioxide, 
and  marsh-gas  (Hasebroek).  If  dry  lecithin  be  heated  it  decom- 
poses, takes  Urc  and  bnrns,  leaving  a  phospliorized  coke.  On 
fnsing  with  caustic  alkali  and  saltpetre  it  yields  alkali  phosphates. 
Lecithin  is  easily  carried  down  during  the  precipitation  of  other 
compoands  such  as  the  albuminous  bodies,  and  may  therefore  very 
greatly  change  the  solubilitioH  of  the  latter. 

Lecithin  combines  with  acids  and    bases.     The  combination  1 
with  hydrochloric  acid  gives  with  platinum  cliloride  a  double  salt  ■ 
which  is  insoluble  in  alcohol,  soluble  in  ether,  and  which  contains 
10.2^  platinum. 

It  may  be  prepared  tolerably  pure  from  the  yolk  of  the  ben's 
egg  by  the  following  methods,  as  suggested  by  Hoppe-Seti.er  and 
DiACONOW;  The  yolk,  deprived  of  albnniin,  is  extracted  with 
cold  ether  until  all  the  yellow  color  is  removed.  Then  the  residue 
is  extracted  with  water  at  50-60°  C.  After  the  evaporation  of  the 
alcoholic  extract  at  50-C0°  C,  the  syrupy  matter  is  treated  with 
ether  and  the  insoluble  residue  dissolved  in  as  little  alcohol  as  pos- 
sible. On  cooling  this  filtered  alcoholic  solution  to  —  5"  to—  20" 
C.  the  lecithin  gradually  separates  in  small  grains.  According  to 
(SiLSON,  a  new  portion  of  lecithin  may  be  obtained  from  the  ether 
used  in  extracting  the  yolk  by  dissolving  the  residue  after  the 
evaporation  of  the  ether  in  petroleum  ether  and  then  shaking  this 
solution  with  alcohol.  The  petroleum  ether  takes  the  fat,  while 
the  lecithin  remains  dissolved  in  the  alcohol  and  may  be  obtained 
therefrom  rather  easily  by  using  the  jiroper  precautions. 

The  detection  and  the  quantitative  estimation  of  lecithin  in 
animal  fluids  or  tissues  is  based  on  the  solubility  of  the  lecithin  (at 
.'50-60°  C.)  in  alcohol -ether,  by  which  the  phosphoric  acid  or  glycero- 
phosphoric acid  salts  which  may  be  present  at  the  same  time  are 
not  dissolved.  The  alcohol-ether  extract  is  evaporated,  the  residue 
dried  and  burnt  with  soda  and  saltpetre.  Phosphoric  acid  is  formed 
from  the  lecithin,  and  it  can  be  detected  and  quantitatively  esti- 
mated. The  distearyllecitbin  yields  8.798*  P,0,.  This  method  is, 
however,  not  exactly  correct,  for  it  is  possible  that  other  phosphor- 
ized  organic  combinations,  such  as  jecorin  {see  Chapter  VI),  may 
have  passed  into  the  alcohol-ether  extract.  For  the  detection  of 
lecithin,  boiling  with  harvta-water  and  the  preparation  of  the 
double  platinum  salt  of  cliolin  is  sufficient. 

The  study  of  the  second  phosphorized  constituents  of  the  cell, 
the  nucleiu,  is  generally  pursued  with  the  study  of  the  cell  nucleus. 
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The  Cell  Sncleiu,  as  f ar  aa  inveBtigated,  contains  nncleis  a 
chief  couBtituent, 

Hacleini.  B;  this  name  Hoppe-Seyler  and  M i esc h eh  desig- 
nated the  chief  constituent  of  the  nucleus  of  the  pus  cell  first 
isolated  by  them.  Since  that  time,  as  by  continuous  investigations 
the  same  hody  is  found  very  widely  diffuaed  in  the  animal  and 
vegetable  kingdoms,  especially  in  organs  rich  in  cells,  we  now  desig- 
nate as  nucleiu  a  number  of  phosphorized  bodies  which  are 
partly  obtained  as  splitting  prodncta  of  the  nucleoalbnmins,  and 
partly  the  chief  constituents  of  the  cell  nucleus. 

According  to  Hoppe-Seyler,  these  bodies  may  be  divided  into 
three  groups.  The  tirst,  to  which  belong  the  nuclcin  of  yeast,  pus, 
nucleated  red  blood-corpnscles,  and  probably  the  cell  nuclens  in 
general,  on  boiling  with  acids  yields  as  splitting  products  albumin- 
ouK  bodies,  xanthin  bodies,  and  phosphoric  acid.  To  the  second 
group,  which  yields  as  splitting  products  albumin  and  phosphoric 
acid,  belong  the  nuclcin  of  the  yolk  of  the  egg  and  casein — in  other 
words,  from  the  nncleo-albumins  in  general,  and  to  the  third  group, 
which  gives  as  splitting  products  only  phosphoric  acid  and  hypoxan- 
thin.  belongs  only  the  nuclein  of  the  sperm  of  the  salmon,  Liebbb- 
UANK  has  split  off  metaphosphorie  acid  from  the  nuclein  of  yeast, 
and  he  has  also  found  that  the  metaphosphorie  acid  gives  a  com- 
bination with  albumin  which  acts  like  a  nuclein  of  the  second 
group.  PoHL  has  also  come  to  the  same  reenlt  in  so  far  as  he  has 
been  able  to  prepare  a  combination  of  metaphosphorie  acid  with 
eemm  albumin  and  alhumose  which  is  similar  to  nuclein.  Liebrr- 
MAKN  therefore  considers  nuclein  as  a  combination  between  albumin 
and  metaphosphorie  acid.  The  xanthin  bodies,  which,  according 
to  KossKL,  are  decomposition  products  of  the  nucleins,  according  to 
LlBBSRHANS  probably  come  from  admixture. 

That  we  find  different  constitutions  for  nncleins  of  different 

origin  is  not  remarkable.    A  variation  of  3.3-9.f);f  in  the  amount 

of  phosphonis  has  been  found  in  different  nncleins.     Under  such 

conditions,  and  as  the  nuclein  question  is  at  present  doubtful,  it 

hardly  of  any  nse  to  gire  the  results  of  the  elementary  analyses 

jifi  different  nncleins. 

rhe  nncleins  are  colorless,  amorphous,  insoluble,  or  only  slightlj  i 
lie  in  water.    They  are  insoluble  in  alcohol  and  ether.    Ther  1 
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are  more  or  lees  easily  dissolved  by  alkalies ;  in  dilute  mineral 
acida  they  ure  insoluble  or  dissolve  with  difBculty.  The  nucleina 
are  not  dissolved  by  pepsin-hydroehloric  acid, or  only  slightly  by  its 
continuous  action.  Tlio  imcleius  cuDtainlng  albumin  answer  to 
the  biuret  test  and  Millon's  reaction.  With  dilute  mineral  acids 
at  ordinary  temperature  they  give  off  (at  least  for  nucloin  from 
yeast  or  yolk  ot  egg)  metaphosphoric  acid.  On  boiling  with 
caustic  alkali  they  decompose  and  alkali  phosphates  are  formed. 
On  burning  they  leave  an  acid -reacting,  difficultly-burnt  coke  which 
contains  metaphosphoric  acid.  On  fusing  with  saltpetre  and  soda 
they  give  alkali  phosphates. 

To  prepare  nucleina  from  nucleoalbumins  casein  is  the  best  ma- 
terial to  employ.  This  is  first  dissolved  in  water  containing  about 
2  p.m  HCl,  the  filtered  solution  treated  with  pepsin  and  digested 
at  the  temperature  of  the  body.  After  a  Utile  time  a  precipitate  con- 
sisting of  nucleiu  appears,  which  is  purified  by  repeated  solution  in 
water  with  the  aid  of  the  smallest  quantity  of  alkali,  and  by  repre- 
cipitating  with  acid,  washing  with  water,  and  extracting  with  alcohol 
and  ether.  From  cells  or  tissues  first  remove  the  chief  mass  of  the 
albumins  by  the  artificial  digestion  with  pepsin-hydrochloric  acid, 
digeflt  the  residue  with  very  dilute  ammonia,  filter,  and  precipitate 
with  hydrochloric  acid.  This  precipitate  is  now  digested  with 
artificiiu  gastric  j'niCe  and  treated  as  above  described.  In  detecting 
nnclein  the  same  method  is  used,  and  the  last  product  is  fused 
with  soda  and  saltpetre,  and  phosphoric  acid  tested  for  in  the 
molted  mass.  Naturally  the  pliosphute  lecithin  (and  jecorin)  must 
first  be  removed  by  acid,  alcohol,  and  ether  respectively.  No  exact 
methods  are  known  for  the  quantitative  estimation  of  the  nucleius 
in  organs  and  tissuos. 

Among  the  decomposition  products  of  the  nncleins  the  so- 
called  xanfhin  bodies  are  especially  of  great  interest.  Although 
LiEBERUANK,  in  Opposition  to  the  views  of  Eossel,  considers 
these  bodies  not  as  real  decomposition  products  of  nuclein,  but 
only  as  admixtures,  yet  until  this  question  is  settled  more  defi- 
nitely, and  since  the  xanthin  bodies  stand  in  close  relationship  to 
the  cell  nucleus,  it  is  perhaps  most  proper  to  speak  of  these  bodies 
in  connection  with  the  cell  nncleus  and  the  nncleins. 

Xanthin  Bodies.  With  this  name  we  designate  a  group  of 
bodies  consisting  of  carbon,  hydriigen,  nitrogen,  and  in  most  cases 
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p.  m.  santhtn  bodies,  against  only  traces  in  the  normal  blood. 
That  the  xanthin  bodies  are  also  intermediate  steps  in  the  forma- 
tion of  urea  or  uric  acid  in  the  animal  orgautBrn,  as  will  be  shown 
later  (see  Chapter  XIV),  is  probable. 

Those  xanthin  bodies  which  have  thus  far  been  obtained  in  the 
decomposition  of  the  nucleins,  or  generally  from  cells,  or  from 
tissue  rich  in  cell  nuclei,  and  on  this  account  will  be  described 
here,  are  xauthlu,  bypoxanthin,  guauin,  and  adenin,  all  of  which 
are  found  in  the  vegetable  kingdom  (Schclze  and  Bosshard, 
EossEL,  Bahinsky).  The  carnin,  which  has  only  been  found  ia 
meat  extracts  (Weidbl)  and  in  the  Hesh  of  certain  fishes,  as  also 
in  the  bodies  paraxanthin  and  heteroxanthin  (Salomon),  which 
are  only  found  in  urine,  will  be  described  in  their  proper  chapters, 
namely,  IX  and  XIV. 


C.H.N.O, 


NH.OH  :  C.NH 


>C0   (E.  FiscHEH),  ia 


"  CO.NH  .  0  :  N  ' 
found  in  the  muscles,  liver,  spleen,  pancreas,  kidneys,  testicles, 
carp-sperm,  thymus,  and  brain.  It  occurs  in  the  smallest  amounts 
as  a  physiological  constituent  of  urine,  and  it  has  been  found  rarely 
as  a  urinary  sediment  or  calculus.  It  was  first  observed  in  such  a 
atone  by  Marcbt.  Xanthin  is  found  in  larger  amounts  in  a  few 
varieties  of  guano  (Jarvis  guano). 

Xanthiu  is  amorphous,  or  forms  granular  masses  of  crystals.  ' 
It  ia  very  slightly  soluble  in  water,  in  14,151-14,600  parts  at  ' 
+  16"  C,  and  in  1300-1500  parts  at  100°  C.  (Almen).  It  is 
insoluble  in  alcohol  or  ether,  but  is  dissolved  by  alkalies  or  acids. 
With  hydrochloric  acid  it  gives  a  crystalline,  difficultly-soluble 
combination.  Xanthin  dissolved  in  ammonia  gives  with  silver 
nitrate  an  iusoluble,  gelatinous  precipitate  of  xanthin  silver.  Thia 
precipitate  ia  dissolved  by  nitric  acid,  and  by  this  method  an  easily- 
soluble  double  combination  is  formed.  A  watery  xanthin  solution 
is  precipitated  on  boiling  with  copper  acetate.  At  ordinary  tem- 
peratures xanthin  is  precipitated  by  mercuric  chloride  and  by  ani- 
moniacal  lead  acetate. 

When  evaporated  to  dryness  in  a  porcelain  dish  with  nitric  acid 
xanthin  gives  a  yellow  residue,  which  turns,  on  tlie  addition  of 
caustic  soda,  first  red,  and,  after  heating,  purple  red.  If  we  add 
some  chloride  of  lime  to  some  caustic  soda  in  a  porcelain  dish 
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and  add  the  zanthin  to  tliiB  mixture,  at  first  a  dark  green  and  then 
quickly  a  brownish  halo  forms  around  the  xanthin  grains  and  then 
disapjiears  (Uop}>£-S£YL£R).  If  xanthin  be  warmed  in  a  small 
vessel  on  the  water-bath  with  chlorine- water  and  a  trace  of  nitric 
acid  and  evaporated  to  drynessy  when  the  residue  is  exposed  under 
a  bell-jar  to  the  vapors  of  ammonia  a  red  or  purple-violet  color  ia 
produced  (Weidel'b  reaction).  It  is  still  a  question  whether  en- 
tirely pure  xanthin  will  give  this  reaction. 

Hjpozanthin  or  Sarkin,  G.H,N,0.  This  body  is  found  in  the 
tacBues  containing  xanthin.  It  is  especially  abundant  in  the  sperm 
of  Balmou  and  carp.  It  occurs  also  in  the  marrow.  In  normal 
urine  it  ap}>ears  in  very  small  quantities,  and  it  seems  also  to  be 
found  in  milk.  It  is  found  in  rather  significant  quantities  in  the 
bkKHi  and  urine  in  leucoc^vthapmia. 

Iiy]K)xauthin  forms  very  small  colorless  crystalline  needles.  It 
is  more  soluble  than  xanthin.  It  dissolves  in  300  parts  cold  and 
78  parts  iKuling  water.  It  is  nearly  insoluble  in  alcohol,  but  it  ia 
dissolved  bv  alkalies  and  acids.  The  combination  with  hvdrochloric 
acid  crystallizes  and  is  more  soluble  than  the  corresponding  xanthin 
combination.  It  acts  in  animoniacal  solution  like  xanthin  with 
silver  uitrat<e..  The  silver  combination  of  hy}H)xanthin  dissolves 
with  difficulty  in  boiling  nitric  acid  of  1.1  sp.  gr.,  and  on  cooling 
the  double  combination  separates  as  crystalline  neeilles.  Treated 
like  xanthin  with  nitric  aoid,  hy}K>xanihin  gives  a  nearly  colorless 
rt«iduum  which  diHW^  not  Knvnie  nni  by  heating  with  alkalL  Ilypo- 
xanthin  does  not  give  WeipklV  n^action.  After  the  action  of 
bydrocfaloric  acid  and  xino  a  hypi^xanthin  solution  becomes  first 
rabv-red  and  ihen  brownish  i>ed  in  ci>lor  on  the  addition  of  an  excess 

m 

of  alkali  (Kossel). 

XH.CH :  C.NH 
Gnsui,    *^*^»^*^"^  ~  \H-0\H       ON   >^^^-      Guanin    ia 

fouid  in  ornns  rich  in  oelli^  such  as  the  liver,  spleen,  pancn^is,  testi- 
dHLui  in  fashnos-fperm.  It  is  funher  found  in  the  muscleis  (in  very 
cmaU  asDoa:::^!.  is  :he  scale?  ai:d  in  the  air-b!a^ider  of  certain  fishes 
aa  iridemci  crrRals  of  rnanin  lime:  iv.  the  rfUH.i  tpirheiitim  of 
in  gvaao.  and  in  :he  excremec:  of  spiders  i:  is  found  as  chief 
Eicaec;.    UDdcr  pasholozivni!  conditions  it  has  bi^en  found  in 
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leucocythffimic  blood,  and  in  the  luuscles,  ligaments,  and  srtioala- 
tioDS  of  piga  with  guaaia  gout. 

Gnania  is  a  colorless,  ordinarily  amorphooa  powder  which  may 
bo  obtained  as  email  crystals  by  allowing  its  solution  in  concentrated 
ammonia  to  spontaneously  evaporate.  It  is  nearly  insoluble  in 
water,  alcohol,  and  ettier.  It  is  easily  dissolyed  by  mineral  acids 
and  alkalies,  but  it  disaolvea  with  great  difficulty  in  ammonia. 
The  silver  combination  dissolves  with  difficulty  in  boiling  nitric 
acid,  and  on  cooling  the  double  combination  crystallizes.  Guanin 
acts  like  xanthin  in  the  nitric-acid  test,  but  gives  with  alkalies  on 
heating  a  stronger  bluisb-riolet  color.  A  warm  solution  of  guanin 
hydrochloride  gives  with  a  cold  saturated  solution  of  picric  acid 
a  yellow  precipitate  consisting  of  silky  needles  (Capranica).  With 
a  concentrated  solution  of  potassiura  chromate  a  guanin  solution 
gives  a  crystalline,  orange-red  precipitate,  and  with  a  concentrated 
solution  of  potassium  ferricyauide  a  yellowish  brown,  crystalline 
precipitate  {Caphanica). 

Adenin,  C,H,N, ,  was  first  found  by  Kossel  in  the  pancreas 
gland.  It  occurs  in  greatest  quantities  in  the  sperm  of  the  carp 
and  in  the  thymus  (Kossel  and  Schmidleb),  It  also  occurs  in 
the  liver,  spleen,  lymphatic  glands,  and  kidneys  (not  in  muscles). 
It  has  been  observed  in  lenoocytbiemic  urine. 

Adenin  crystallizes  in  long  needles.  It  dissolves  in  cold  water 
with  difficulty  (1086  parts),  but  easily  in  warm.  Pure  adenin  dis- 
solves slightly  in  boiling  alcohol,  in  cold  not  at  all;  impure  adenin 
is,  however,  dissolved  by  cold  alcohol.  It  is  insoluble  in  ether. 
Adeniu  is  easily  dissolved  by  acids  and  alkalies.  In  dilute  ammo- 
nia it  dissolves  with  more  difficulty  than  hypoxanthin,  but  more 
easily  than  gimnin.  The  silver  combination  dissolves  with  difficulty 
in  boiling  nitric  acid  and  crystallizes  on  cooling.  The  nitric-acid 
tost  and  Weidel's  reaction  act  the  same  as  with  bypoianthin. 
The  same  is  true  for  its  behavior  with  hydrochloric  acid  and  zinc 
with  addition  of  alkali. 

The  principle  for  the  preparation,  detection,  and  the  quantitative 
estimation  of  the  four  above-described  xanthin  bodies  is,  according  to 
K0S8EL  and  KossELand  Scuindler,  as  follows:  The  finely-divided 
organ  or  tissue  is  boiled  for  three  or  four  hours  with  sulphuric  acid 
of  about  5  p.  m.     The  filtered  liquid  is  freed  from  albumin  by  lead 
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certain  other  organs,  foremost  of  these  heing  the  liver;  it  wi 
therefore  be  more  thorouglily  described  in  connection  with  thi 
organ  (Chapter  VI). 

Another  body  or  more  correctly  a  group  of  bodies  which  oci 
very  widely  diffused  in  the  animal  and  vegetable  kingdoms 
habitually  iu  the  L-ells  are  the  cholesterines,  whose  beBt-liiioi 
representative  is  the  ordinary  cholesierin,  specially  kno' 
chief  constituent  of  certain  biliary  calculi  and  occurring  in  lai 
quantities  in  the  brain  and  norveB.  It  is  hiinlly  to  be  admitted  tl 
this  body  has  any  direct  importance  in  the  life  and  the  develo] 
ment  of  the  cell.  It  is  more  probable,  as  lIofPE-SEYLER  suggests, 
that  cholesterin  is  u  splitting  product  appearing  in  the  general  life- 
processes  of  the  cells.  Also  according  to  IIoppe-Seyler  the  fat, 
which  does  not  constantly  appear  in  the  cell,  has  nothing  to 
with  the  general  [jrocess  of  life. 

Mineral  hodien  arc  also  never-failing  constituents  of  the  eel 
These  minerals  are  potassium,  sodium,  calcium,  magnesium,  iroii, 
phosphoric  acid,  and  chlorine.     In  regard  to  tlie  alkalies  we  find  in 
general  in  the  animal  organism  that  the  sodium  combinations  are 
more  abundant  iu  the  fluids,  the  potassium  combinations  ocoon 
chiefly  in  the  form-constituents  and  iu  the  protoplasm.     Coi 
spending  to  this  the  cell  contains  potassium,  chiefly  as  phosphi 
while  the  sodium  and  chlorine  combinations  occur  less  ahundantli 
According  to  the  ordinary  views  the  potassium  combinations, 
cially  the  fiotassium  phosphate,  are  of  the  greatest  importance 
the  life  and  development  of  the  cell,  even  though  we  do  not  knoi 
the  nature  of  the  importance.     At  least  we  must  not  overlook  the 
fact  that  a  part  of  the  phosphoric  acid  which  is  obtained  from  the 
cell  or  tissue  rich  in  cells  may  originate  from  the  niiclein  and  leci- 
thin in  the  process  of  ashing.     Also  the  iron,  which  often  occurs  in 
the  ash  as  ferric  phosphate,  seems,  at  least  in  part,  to  be  formed 
from  the   nucleo-albumiu.     The   habitual   occurrence   of   earthy 
phosphates  in  all  cells  and  tissues,  together  with  the  difficulty  or 
almost  impossibility  of  separating  these  bodies  from  the  protein 
substances  without  decomposition,  leads  iis  to  suppose  that  these 
mineral  bodies  are  indeed,  though  their  role  is  still   unknown, 
the  greatest  importance  for  the  life  of  the  cells  and  the  chemii 
a  which  accompany  their  evolution, 


CHAPTER  IV. 


THE  BLOOD. 


Thz  blood  if  to  be  oonndered  from  a  oeitain  standpoint  u  a 
fluid  tiarae^  and  it  oonsisie  of  a  transparent  liquid,  the  Hood- 
pU^fwm.  in  which  an  immense  number  of  solid  particles,  the  red 
aiid  €ohrU^  blA0(*d-<Xfrpiisrlt9  (and  the  hlaod-tabM^)  are  suspended. 

Outride  of  th<^  organism  the  blood,  as  is  well  known,  coagulates 
more  or  less  qnicklj ;  but  this  eoi^lation  is  accomplished  gener- 
al! j  in  a  few  minuteE  after  learing  the  bodj.  All  varieties  of  blood 
do  not  ooagralat^  with  the  Bame  degree  of  rapidity.  Some  coagulate 
nK*re  quicklj.  others  more  slowly.  Among  the  varieties  of  blood 
thus  far  invciftigated  the  blood  of  the  horse  coagulates  most  slowly. 
The  coagulation  maj  be  more  or  less  retarded  by  quickly  cooling; 
and  if  w«r  allow  equine  blood  to  flow  directly  from  the  vein  into  a 
gia«fr  cyliuder  which  is  not  too  wide  and  which  has  been  cooled, 
and  let  i:  stand  at  0'  C.  the  blood  may  be  kept  fluid  for  several 
days.  An  upper,  amber-yellow  layer  of  plasma  gradually  separates 
from  a  lower,  red  layer  composed  of  blood-corpuscles  with  only  a 
little  plasma.  Between  these  we  observe  a  whitish-gray  layer, 
which  eonsiKs  of  white  blood-corpuEcles. 

The  plasma  thus  obtained  and  filtered  is  a  clear  amber-yellow 
alkaline  liquid  which  remains  fluid  for  some  time  when  kept  at  0' 
C  but  soon  coagulates  a:  the  ordinary  temperature. 

The  ooagulaccon  of  the  blood  may  be  prevented  in  other  ways. 
After  the  inj^c^Ion  of  peptone  or,  more  correctly,  albumose  solu- 
tions into  the  hlofA  tin  the  living  dog),  the  blood  does  not 
coagulate  on  leaving  tLe  reins  <  Faxo,  ScHMiDT-MruiEiMK  The 
plasma  obtained  from  «Qch  blood  by  means  of  centrifugal  force  is 
called  ^  pepttme-pUumaJ*    The  coagulation  of  the  blood  of  warm- 
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blooded  animals  is  prerented  by  the  injection  of  an  effusion  of  the 
mouth  of  the  officinal  leech  iuto  the  blood-current  (Haycraft). 
If  the  blood -circulation  of  a  dog  is  cut  off  between  the  liver  and 
intestines  and  the  blood  allowed  to  flow  only  through  the  head  and 
the  viscera  of  the  thoracic  cavity,  the  coagulation  of  the  blood  ia 
destroyed  (Pawlow,  Bohr).  If  we  allow  the  blood  to  flow 
directly,  while  we  stir  it,  into  a  neutral  salt  solution — best  a  sutn- 
rated  magnesium  sulphate  solution  (1  vol.  salt  solution  and  i 
vols,  blood) — we  obtain  a  mixture  of  blood  and  salt  which  re- 
mains nncongulated  for  several  days.  The  blood -corpuscles  which, 
because  of  their  adhesiveness  and  elasticity,  would  otherwise  pass 
easily  through  the  pores  of  the  filter-paper  are  made  solid  and  stiff 
by  the  salt,  so  that  they  may  be  eafily  filtered.  The  plasma  thus 
obtained,  which  does  not  coagulate  spontaneously,  is  called  "  sail- 
plasma." 

On  coagiilation  there  separates  in  the  previously  fluid  blood  an 
insoluble  or  a  very  difficultly-soluble  albuminous  substance, ^dn'n. 
When  this  separation  takes  place  without  stirring  the  blood  coagu- 
lates to  a  solid  moss  which,  when  carefully  severed  from  the  sides 
of  the  vessel,  contracts,  and  a  clear,  generally  yellow-colored  liquid, 
the  blood-servm,  exudes.  The  solid  coagulum  which  incloses  the 
blood -corpuscles  is  called  the  blond-dot  (placenta  sanguinis).  If 
the  blood  is  beaten  during  coagulation,  the  fibrin  separates  in 
elastic  threads  or  fibrous  masses,  and  the  defibrinated  blood  which 
separates  is  sometimes  called  entor,'  and  consists  of  blood-cor- 
puscles and  blood-somm. 

The  defibrinated  blood  consists  of  blood-corpuselefl  and  serum, 
while  the  uncoagulated  blood  consists  of  blood -corpuscles  and 
blood -plasma.  The  essential  chemical  difference  between  blood- 
eerum  and  blood-plasma  is  that  the  blood-serum  does  not  contain 
the  mother-substance  of  fibrin,  the  fibrinogen,  which  exists  in  the 
blood-plasma,  and  the  serum  is  proportionally  richer  in  another 
body,  the  fibrin  ferment  {see  page  58). 

'  The  iiBme  crlor  Ib  used  In  iliffereot  senses.     We  sometimes  understaiKl 
tliereby  0[il;  the  blood  when  coaguliilcd  lo  a  retl  Hotld  n 
Uic  blood'Clol  after  the  scparallon  of  tlie  nerum,  nod  iaally  the  sedin 
■Isttng  of  red  blood -corpuscles  which  U  obtnloed  fram  defibriaated  blood  by 
enlrirugal  force  or  bj  lotting  it  staud. 
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I.  Blood-plasma  and  Blood-serum. 
The  Blood-plasma. 

In  the  coagulation  of  tho  blood  a  chemical  transformation  takes 
\}\wM  in  the  phutma.  A  part  of  the  albumins  separates  as  insoluble 
ii brill.  *V\\i^  albuminous  bodies  of  the  plasma  must  therefore  be 
firnt  doHcribed.  They  9Xq  fibrinogen^  serum  globtdin,  and  serum 
nlhninin. 

Fibrinogen  (hmmith  in  blood -plasma,  chyle,  lymph,  and  in  certain 
traiiHiidiitioiiR  and  exudations.' 

it  hiiH  the  general  properties  of  the  globulins,  but  differs  from 
otht>r  globiilinH  iih  follows:  In  a  moist  condition  it  forms  white 
flakcH  whi(^h  are  Holuble  in  dilute  common  salt  solutions,  and 
wliirii  tMUiily  (Minglomerate  into  tough,  elastic  masses  or  lumps. 
TIh'  Holutioii  in  Na(-I  of  fi-lOjlJ  coagulates  on  heating  to  +  52® 
to  .^.^"  ('..and  the  Taintly  alkaline  or  nearly  neutral  weak  salt 
solution  roagulat.(*M  at  f-  Tiii''  (/.,  or  at  exactly  the  same  tem- 
prratun^  at  which  tho  blood -phinina  coagulates.  Fibrinogen  solu- 
(iouH  are  preripitatod  by  an  (>(|ual  volume  of  a  saturated  common 
MiH  Holution,  and  are  completely  prooijutated  by  adding  an  excess 
of  NaCi  in  sulwtance  (thus  <IitTering  from  sorum  globulin).  It 
ditTors  from  myosin  of  tho  musi^les,  which  coagulates  at  about  the 
isamo  tiMuperature,  and  from  other  albuminous  bodies,  in  the  prop- 
orty  of  being  con  vert  oti  into  tibrin  under  certain  conditions.  Fi- 
brinojTon  has  a  strong  dccinnp^tsing  action  on  hydrogen  peroxide. 

'Hie  tibrinopMi  may  be  easily  sepanited  from  the  salt-plasma  by 

Imvipitatiou  with  an  etpial  vojunie  of  a  satunite\l  Na(i  solution, 
hor  further  purification  the  precipitate  is  pressed,  rodissolved  in 
an  S-f  salt  solution,  the  tilt  rate  privipitated  bv  a  saturated  salt 
«^dution  as  alnne,  and  after  pnvipiiating  in  this  way  three  times, 
iho  prtvipitate  at  I;»st  obtained  is  pressed  lu^tween  tiher-paper  and 
linoly  divuliHl  in  water.  The  tibrinogcu  dissolves  with  the  aid  of 
the  small  amount  of  NaOl  contained  in  itself,  and  the  solution  may 
bo  made  s,ilt-frt*o  by  dialysis  with  very  faintly  alkaline  water.  From 
Ininsudations  wo  onlinarily  obtain  a  librinogiMi  which  is  strongly 

*  Tl»o  qufviK^n  II*  lo  I  ho  *HV«m»tnv  of  oiher  librinojron*  ^Wtx^LDRiPGK> 
will  be  «|H^on  of  In  ownciMioii  wiih  tho  i^uiiploio  di»inissKMi  of  the  coagula- 
liiNi  of  Ike  blood.    i8ec  further  on. ) 
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contaminated  with  lecithin  and  which  can  hardly  be  purified  with- 
out decompoBing.  The  method  (or  the  detection  anu  quantitative 
estimation  of  fibrinogen  in  a  liquid  is  baaed  on  its  pro]>erty  of 
yielding  fibrin  on  the  addition  of  a  little  blood,  of  eerum,  or  of 
fibrin  ferment. 

The  fibrinogen  etands  in  close  relation  to  ita  transformation- 
product,  the  fibrin. 

Pibrin  ia  the  name  of  that  albuminoua  body  which  separates  on 
the  so-called  apontaneotiH  coagulation  of  blood,  lymph,  and  trans- 
udations, as  also  in  the  coagulation  of  a  fibrinogen  solution  after  the 
addition  of  serum  or  fibrin  ferment  {see  below). 

If  the  blood  is  beaten  during  coagulation,  the  fibrin  aeparates  in 
elastic  fibrous  masses.  The  fibrin  of  the  blood-clot  may  be  beaten 
to  email,  less  elastic,  and  not  particularly  fibrous  lumps.  The 
typical,  flbrons,  and  elastic  white  fibrin,  after  washing,  stands  in 
regard  to  its  solubility  close  to  the  coagulable  albuminous  bodies. 
It  is  insoluble  in  water,  alcohol,  or  ether.  It  expands  iu  hydro- 
chloric acid  of  1  p.  m.,  at:  also  in  canstic  potash  or  soda  of  1  p.  m,, 
to  a  gelatinous  mass,  which  dissolves  at  the  ordinary  temperatnre 
only  after  several  days,  but  at  the  temperature  of  the  body  it  dis- 
solves more  readily  but  still  slowly.  The  fibrin  exj>unds  iu  a  5- 
10;<  solution  of  common  salt  or  saltpetre,  but  only  dissolves  in 
the  preaencB  of  contaminating  enzymes  or  by  putrefaction.  Fibrin 
decomposes  hydrogen  peroxide,  but  this  property  is  destroyed  by 
heating  or  by  the  action  of  alcohol. 

What  has  beeu  said  of  the  solubility  of  fibrin  relates  only  to  the 
typical  fibrin  obtained  from  the  arterial  blood  of  mammalia  or  man 
by  whipping  and  washing  first  with  water  and  with  common-salt 
solution,  and  then  with  water  again.  The  blood  of  various  kinds 
of  animals  yields  fibrin  with  somewhat  different  properties  and 
of  varying  purity,  and  likewise  blood  from  different  parts  of  the 
body  may  yield  fibrim  with  unlike  solubilities  (Denis). 

The  fibrin  obtained  by  beating  the  blood  and  purified  as  above 
described  is  always  contaminated  by  enclosed  hlood-corpnscles  or 
remains  thereof,  and  also  by  lymphoid  cells,  it  can  only  be  obtained 
pnre  from  filtered  plasma  or  filtered  transudations.  For  the  pure 
preparation,  aa  well  as  for  the  quantitative  estimation  of  fibrin,  the 
spontaneously  coagulating  liquid  is  at  once,  or  the  non-spontaneously 
congnlating  liquid  only  after  the  addition  of  blood-serum  or  fibrin 
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ferment,  thoroughly  beaten  with  a  gloss  rod  or  whale-bone,  and  the 
separated  coagulum  is  washed  first  in  water,  and  then  with  a  5^ 
common-salt  solution,  and  again  with  water,  and  lastly  extracted 
frith  alcohol  and  ether. 

A  pare  fibrinogen  solution  may  be  kept  at  the  ordinary  tempera- 
ture until  putrefaction  begins  without  showing  a  trace  of  fibrin 
coagulation.  But  if  to  this  solution  we  add  a  water-washed  fibrin 
clot  or  a  little  blood-serum,  it  immediately  coagulates  and  may 
yield  perfectly  typical  fibrin.  The  transformation  of  the  fibro- 
gen  into  fibrin  requires  the  presence  of  another  body  contained 
in  the  blood-clot  and  in  the  serum.  Tbia  body,  whose  importance 
in  the  coagulation  of  fibrin  was  first  observed  by  Buchanan,  was 
later  rediscovered  by  Alexander  Schmidt,  and  designated  "fibrin 
ferment."  The  nature  of  this  enaymotic  body  haa  not  been  ascer- 
tained. According  to  the  Investigations  of  Gamoee,  Lea,  and 
Qkeen  and  Halliburton,  the  "fibrin  ferment "  seems  to  be  » 
substance  of  the  nature  of  the  globulins.  According  to  Halli- 
burton, it  is  a  body  derived  from  the  lymphoid  cells,  a  special 
globulin, "  cell-globulin,"  which  differs  from  serum  globulin  partly  by 
fibri  no -plastic  properties  and  partly  by  having  another  temi>eniture 
of  coagulation  (-|-  60°  U.,  or  somewhat  higher  in  a  Bolution  contain- 
ing lO"*  NaCl).  The  so-called  fibrin  ferment  corresponds  to  the 
enzymes  in  that  only  the  very  smallest  amounts  of  it  are  required 
tor  action,  and  further  that  on  heating  the  solution  it  becomes  in- 
active. 

The  iaolatioii  of  the  fibrin  ferment  has  been  tried  in  several 
ways.  Ordinarily  it  may  be  prepared  by  the  following  method 
proposed  by  Alex.  Schmidt  :  Precipitate  the  serum  or  defibrinated 
blood  with  15-20  vols,  of  alcohol  and  allow  it  to  stand  a  few  months. 
The  precipitate  is  then  filtered  and  dried  over  sulphuric  acid.  The 
ferment  may  he  extracted  from  the  dried  powder  by  means  of 
water. 

It  a  fibrinogen  solution  containing  salt,  as  above  described,  is 
treated  with  a  solution  of  "fibrin  ferment,"  it  coagulates  at  the 
ordinary  temperature  more  or  loss  quickly  and  yields  a  typical 
fibrin.  Besides  the  fibrin  ferment  the  pri^sence  of  neutral  salts  is 
neoeaeary,  for  without  them  Alex.  Schmidt  has  shown  the  coagu- 
ktiOD  of  fibrin  does  not  take  pbice.    The  amount  of  fibrin  obtained 
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on  coagulation  is  always  smaller  than  the  amount  of  fibrinogen  from 
which  the  fibrin  is  derived,  and  we  always  find  a  small  amount  of 
globulin  Bubstance  in  the  eolution.  It  is  therefore  not  improbable 
that  the  coagulation  of  fibrin,  in  aocordance  with  the  views  of  Dekis, 
is  a  splitting  process  in  which  the  soluble  fibrinogen  is  split  into  an 
insoluble  atbuminona  body,  the  fibrin,  which  forms  the  chief  mass, 
and  a  soluble  globulin  eubatnuce,  which  is  only  formed  in  small 
amonnte.  The  globulin  substance,  which  is  called  "fibrin  globulin  " 
by  the  author,  coagulates  at  +  64°  C.  and  has  the  following  com- 
position :  C  53.70*  ;  H  6.98)i  ;  N  16.06:*. 

The  coagulation  of  the  blood  consists  chiefiy  in  the  conversion 
of  the  fibrinogen  of  the  plasma  into  fibrin.  The  coagulation  of  the 
blood  is  a  much  more  complicated  process  than  the  coagulation  of 
a  fibrinogen  solution,  inaennicb  as  the  first  involves  other  important 
questions,  as,  for  instance,  the  reason  for  the  blood  remaining  fluid 
in  the  body,  the  origin  of  the  fibrin  ferment,  and  the  importance  of 
the  form-elements  in  the  coagulation.  A  fuller  discussion  of  the 
various  hypotheses  and  theories  concerning  the  coagulation  of  the 
blood  must  therefore  be  given  later, 

Senun  Olobolin,  also  called  paraglobulin  (KIjhne),  fibrino- 
plnetic  substance  (Alex.  Schhidt),  serum  casein  (Pani'm),  fibriae 
soluble  (Denis),  occurs  in  the  plasma,  serum,  lymph,  transudations 
and  exudations,  in  the  white  and  red  corpuscles,  and  probably  in 
many  animal  tissues  and  form-elements,  though  in  smaU  quantities. 
It  is  also  found  in  the  urine  in  many  diseases. 

Serum  globulin  has  the  general  properties  of  the  globulins.  In 
a  moist  condition  it  forms  a  snow-white  flaky  mass  neither  tough 
nor  elastic.  The  essential  differences  between  serum  globulin  and 
fibrinogen  are  the  following:  Serum -globulin  solutions  are  only 
npletely  precipitated  by  adding  NaCI  to  saturation,  and  not 
precipitated  at  all  by  an  equal  volume  of  a  saturated  common-salt 
solution.  The  coagulation  temperature  is,  with  5-10*  NaCl  in 
solution,  +  75°  C.  It  is  completely  precipitated  by  MgSO,  in  sub- 
stance added  to  saturation,  as  also  by  an  equal  volume  of  a  sat- 
urated solution  of  ammonium  sulphate.  The  specific  rotary  power, 
sooording  to  Frkdericq,  for  serum  globulin  (from-ox  blood)  solu- 
tions containing  salt  is  a(D)  =  —  47.8°. 


6U 


riiYsioi.oaicAL  chemistry. 


Serum  globulin  may  be  easily  separated  as  a  fine  flocculeni  pre- 
cipitate from  blood-aeruni  by  neutralizing  or  making  faintly  acid 
with  acetic  acid  and  then  diluting  with  10-20  toIh.  of  water.  For 
farther  purification  this  precipitate  is  disBolved  in  dilute  common- 
Bait  solution,  or  in  water  hy  the  aid  of  the  smallest  possible  amount 
of  alkali,  and  then  reprecipitated  by  diluting  with  water  or  by  the 
addition  of  a  little  acetic  acid.  The  serum  globulin  may  also  be 
separated  from  the  eerum  by  means  of  magnesium  or  ammonium 
sulphate;  in  these  cases  it  is  difficult  to  completely  remove  the  salt 
by  dialysis.  The  serum  globulin  from  blood-serum  is  always  con- 
taminated by  lecithin  and  the  so-called  fibrin  ferment.  A  serum 
globulin  tree  from  fibriu  ferment  may  be  prepared  from  ferment- 
free  transudations,  aa  sometimes  from  hydrocele  fluids,  and  this 
shows  that  the  serum  globulin  and  the  fibrin  ferment  are  different 
bodies.  For  the  detection  and  the  quantitative  estimation  of  serum 
globulin  we  may  use  the  precipitation  by  magnesium  sulphate 
lidded  to  saturation  (author), or  oj  an  equiU  volume  of  a  saturated 
neutral  ammonium  sulphate  solution  ( U  of  heist  eb  and  Kauder 
imd  Poul).  In  the  quantitative  estimation  the  precipitate  is  col- 
lected on  a  weighed  filter,  washed  with  the  salt  solution  employed, 
ilried  with  the  filter  at  about  115°  C,  then  washed  with  hoihng- 
hot  water,  so  as  to  completely  remove  the  salt,  extracted  with 
Mlcohol   and  ether,   dried,  weighed   and   burnt  to  determine  the 


Serum  Albumin  is  found  in  large  quantities  in  blond-serum, 
blood-plasma,  lymph,  transudations,  and  exudations.  Probably  it 
also  occurs  in  other  animal  liquids  and  tissues.  The  albumin 
which  passes  into  the  urine  under  pathological  conditions  consists 
largely  of  serum  albumin. 

In  the  dry  state  serum  albumin  forms  a  transparent,  gummy, 
brittle,  hygroscopic  mass,  or  a  white  powder  which  may  be  heated 
to  100°  C.  without  decomposing.  Its  solution  in  water  gives  the 
ordinary  reactions  for  albumin;  the  specific  rotary  power  for  serum 
albumin  free  from  paraglobnlin,  obtained  from  human  transuda- 
tions, is,  according  to  Stark,  afD)  =  —  02,6°  to  —  64.0°.  The 
ooagulutinn  temperature  of  a  serum-albumin  solution  is  -|-  70°  to 
-^-  75"  C,  according  to  most  authorities,  but  this  varies  to  a  great 
extent  with  a  varying  concentration  and  amount  of  salt.  A  1-2^ 
albumin  solution  may,  in  the  presence  of  very  little  NaCl,  coagu- 
late at  -f  50"  C,  or  below ;  in  the  presence  of  (i%  NaCl  it  coagulates 
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ftt  +  75"  to  +  90°  C  By  the  careful  addition  of  acid  the  coagula- 
tion temperature  may  be  lowered;  by  the  addition  of  alkali  it  may 
be  raised.  Id  blood-seruni  from  certain  animals  and  in  human 
tranaudationB  Halliburton  found  the  coagulation  to  take  place 
on  heating  to  the  following  temperatures:  +  70"  to  73°  C;  77°  to 
78°  C;  and  82"  to  85°  C.  He  therefore  considers  the  serum 
albumin  a  mixture  of  three  albumins,  a,  0,  and  y,  which  coagulate 
at  the  three  points  mentioned.  In  cold-blooded  animals  he  found 
only  the  albumin  a. 

The  serum  albnmin  differs  from  the  albnmin  of  the  white  of 
the  hen's  egg  in  the  following  particulars:  it  is  more  Iffivogyrate; 
the  precipitate  formed  by  hydrochloric  acid  easily  dissolves  in  an 
excess  of  the  acid;  it  is  much  less  insoluble  in  alcohol;  and  lastly 
it  acts  differently  inside  of  the  organism.  If  egg-albumin  is  intro- 
duced into  the  blood  system  it  passes  into  the  urine,  while  the 
serum  albumin  does  not.  A  solution  of  serum  albumin  positively 
free  from  mineral  bodies  has  never  yet  been  prepared.  A  solution 
OB  poor  as  possible  in  salts  does  not  coagulate  either  on  boiling 
or  on  the  addition  of  alcohol.  After  the  addition  of  a  little 
common  salt  it  coagulates  in  both  cases. 

In  preparing  serum  albnmin.  first  remove  the  globulins  by 
saturating  with  magnesium  sulphate  at  about  4-  3*)°  &'■  ^nd  filter 
at  the  same  temperature.  The  cooled  filtrate  is  separated  from 
the  crystallized  ^t  and  is  treated  with  acetic  acid  of  at>out  1^. 
The  precipitate  formed  is  filtered,  iiressed,  dissolved  in  water 
with  the  addition  of  alkali  to  neutral  reaction,  and  the  solution 
freed  from  salt  by  dialysis.  The  serum  albumin  may  also  be  sepa- 
rated from  the  filtrate  saturated  with  magnesium  sulphate  by 
adding  sodium  sulphate  to  saturation  at  about  +  40°  C.  The 
pressed  precipitate  is  also  in  this  case  dissolved  in  water  and  the 
solution  freed  from  salt  by  dialysis.  The  albumin  may  be  obtained 
in  a  solid  form  from  the  dialyzed  solution  either  bv  evaporating 
the  solution  to  dryness  at  gentle  heat  or  by  precipitating  with 
alcohol,  which  must  he  removed  quickly.  In  the  detection  and 
quantitative  estimation  of  serum  albumin,  the  filtrate  from  the 
globulins  which  have  been  removed  by  magnesium  sulphate  is 
heated  to  boiling,  after  the  addition  of  a  little  acetic  acid  if  neces- 
sary. The  simplest  way  is  to  consider  the  difference  between  th* 
total  albumins  and  the  globulins  as  serum  albumin. 
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'I'lie  nbiiQ  WHS  prtpaied  from  a  filtered  common- 

The  BIood-Berum. 

As  above  atated,  the  blood-serum  ia  the  clear  liquid  which  ia 
pressed  out  by  the  coutraction  of  the  blood-clot.  It  differs  chiefly 
from  the  plasma  in  the  absence  of  fibrinogen  aud  the  presence  of  a 
little  fibrin  globulhi  and  an  abundance  of  fibrin  ferment.  Consid- 
ered qualitatively  the  blood-aerum  contains  the  same  chief  con- 
stituents as  the  blood-plasma. 

If  unililiite^l  Bcrum  be  sufflcieutly  ncidified  with  acetic  acid,  a  precipitate  ia 
obtuiatni  coiiaialiiig  of  partly  unchangpd  serum  globulhi,  lilirfn  globuliD,  leci- 
Ihiu.  and,  In  some  casts,  coloriug  miitl^ra  (bile  colunug  mallei's  Id  Ibe  serum 
of  Ibe  horEe).  By  the  same  process  Wuoldkidok  pTecijiiluled  from  tht 
blond  HPfuiu  of  tbe  sbeup  and  dog  a  subslauce  which  i»  closely  related  Id 
flbriuogcD  aud  vraa  called  by  him  " terum  fi/rinogen," 

Blood-eerum  is  a  sticky  liquid  which  is  more  alkaline  than  the 
plasma.  Thespecificgravity  in  man  is  1.027  to  1.0:i2, average  1.028 
The  color  is  strongly  or  faintly  yellow;  in  human  blood-sertim  it  is 
pule  yellow  with  a  shade  towards  green,  and  in  horses  it  is  often 
amber-yellow.  The  serum  is  ordinarily  clear;  after  a  meal  it  may 
be  opalescent,  cloudy,  or  milky-white,  according  to  the  amount  of 
fat  contained  in  the  food. 

Besides  the  above-mentioned  bodies,  the  following  constituents 
are  found  in  the  blood-plasma  or  blood-serum: 

Fal  occurs  from  1-7  p.  m.  in  fasting  animals.  After  partaking 
of  food  the  amount  is  increased,  and  if  the  food  is  rich  in  fat  as 
much  as  12.5  p.  m.  has  been  found  in  the  blood  of  dogs  (Ruhrio). 
We  also  find  soap/t  (Hopi-e-Seyler),  cholesterin,  and  lecithin. 

Glucose  seems  to  be  a  physiological  constituent  of  the  plasma. 
According  to  the  invostigationB  of  Abrlbs,  Ewald,  Kulz,  and 
Sbeoen,  the  sugar  found  in  the  plasma  is  glucose.  Otto  found  in 
the  plasma,  besides  glucose,  another  reducing,  nou- fermentable  sub- 
atancc.     The  amount  of  glucose  In  the  blood  is  about  1-1.5  p.  m. 
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Otto  found  in  humaD  blood  1.18  p,  m.  glucose  and  0.?9  p,  m.  of  the 
other  reducing  substance.  The  amount  of  glucose  in  the  blood 
Eeems  to  be  almoet  independent  of  the  food ;  nevertheless  after 
feeding  with  large  quantities  of  glucose  and  dextrin  Bleile  ob- 
served a  significant  increase  of  glucose.  If  the  amount  is  more 
than  3  p.  m.,  according  to  Cl.  Bernaku,  the  glucose  passes  into 
the  urine,  producing  glycosnria.  The  different  amounts  of  glucose 
in  the  blood  from  different  vessels  and  uuder  various  conditions 
will  be  fully  discussed  later. 

Among  the  bodies  which  are  found  in  the  blood  and  without 
doubt  met  with  in  smaller  or  greater  amounts  in  the  plasma  are  to 
be  mentioned  tirea,  uric  acid  (found  in  human  blood  by  Abeles), 
creatin,  carbamic  acid,  par alacHc  acid,  and  hippuric  acid.  Under 
pathological  conditions  the  following  have  been  found :  hypoxan- 
tkin,  Uucin,  fi/rosin,  and  iiliary  const  itnenl.i. 

The  coloring  mailers  of  the  blood-serum  are  very  little  known. 
In  equine  blood-serum  biliary  coloring  matters,  bilirubin,  besides 
other  coloring  matters,  occur.  The  yellow  coloring  matter  of  the 
serum  seems  to  belong  to  the  group  of  luleinn,  which  are  often  called 
lipochromes  or  fat-coloring  matters.  From  os-eerum  Krubenbbro 
was  able  to  isolate  with  amyl  alcohol  a  so-called  lipochrome  whose 
solution  shows  two  absorption-bauds,  of  which  one  encloses  the  line 
F  and  the  other  lies  between  /"and  0.  Halliburton  found  in 
the  blood  of  birds  and  amphibia  a  yellow  coloring  matter  which 
only  showed  one  absorption-band. 

The  mineral  bodies  in  serum  and  plasma  are  qualitatively,  but 
not  (juantitativcly,  the  same.  A  part  of  the  calcium,  magnesium, 
and  phosphoric  acid  is  removed  on  the  coagulation  of  the  fibrin.  By 
means  of  dialysis,  the  presence  of  sodinm  chloride,  which  forms  the 
chief  mass  or  60-70^  of  the  total  mineral  bodies,  also  lime  salts, 
sodium  carbonate,  besides  traces  of  sulphuric  and  phosphoric 
acids  and  potassium,  may  be  shown  in  the  serum.  Traces  of  silicic 
acid,  fluorine,  copper,  iron,  manganese,  and  ammonia  are  claimed 
to  have  been  found  in  the  serum.  As  in  most  animal  fluids,  the 
chlorine  and  sodium  are  in  the  blood-serum  in  excess  of  the  phos- 
phoric acid  and  potassium  (the  occurrence  of  which  in  the  serum 
ia  even  doubted).  The  acids  found  in  the  ash  are  not  sufficient  to 
saturate  the  bases  found,  a  condition  which  shows  that  a  part  of 
the  bases  is  combined  with  organic  substances,  perhaps  albumin. 
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The  gases  of  the  blood-sernm,  which  consist  chiefly  of  carbon 
dioxide  with  only  a  little  nitrogen  and  oxygen,  will  be  described 
when  treating  of  the  gases  of  the  blood. 

Because  of  the  difficulty  of  obtaining  plasma  only  a  few  analy- 
ses haye  been  made.  As  an  example  the  results  of  the  analyses  of 
the  blood-plasma  of  the  horse  will  be  given  below.  The  analysis 
No.  1  was  made  by  Hoppe-Setleb.  No.  2  is  the  average  of  the 
results  of  three  analyses  made  by  the  authob.  The  figures  are 
given  in  1000  parts  of  the  plasma. 

No.  1. 

Water W8.4 

Solids. 91.6 

Total  albumiDous  bodies 77.6 

Fibrin 10.1 

Globulin 

8enim  albumin 

Fat.... 1.2 

EztTBCtive  substances 4.0 

Soluble  salts 6.4 

Insoluble  salts 1.7 

As  an  example  of  the  constitution  of  the  blood-serum  with 
special  regard  to  the  relationship  of  the  different  albuminous 
bodies  to  each  other,  the  foUowing  analyses  are  given.  The  results 
are  in  1000  parts. 


No.  3. 

917.6 
82.4 
69.6 
6.5 
38.4 
24.6 

12.9 


Man....    92.07 


Ilonjc. . 

85.97 

Ox 

89.65 

Dog. . . . 

Hen.... 

64.00 

Frog... 
Eel 

Total 
Albumio- 

OUfl 

Bodies. 

flenim 
Globulin 

Serum 
Albumin, 

76.20 

81.04 

45.16 

72.57 

45.65 

26.92 

74.99 

41.69 

83.80 

58.20 

20.50 

87.70 

89.49 

7.84 

81.65 

25.40 

21.80 

8.60 

67.80 

52.80 

14.50 

Lecithin, 

Fat, 

Salts,  etc. 


Serum 
Globulin. 


15.88 

18.40 
14.66 


14.51 


Serum 
Albumin 


1.5 

1 

0.591 

_1_ 

0.842 

_1_ 

1.8 

1 

4.03 

_1_ 

0.165 

1 
0.275 


Aptborlty. 


Hammabstbn 


<< 


«< 


Sertou 

HaMMAB8T«N 

Haluburton 
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According  to  Halliburtom,  the  amount  of  the  albumins  in 
comparison  with  the  globulins  in  cold-blooded  animals  is  not  only 
proportionally  smaller,  but  the  total  amouut  ot  albuminous  bodiea 
is  smaller  than  in  the  warm-blooded  animals. 

By  a  comparative  investigation  of  serum  and  plasma  from  the 
same  individual,  we  tind  uioi'e  serum  globulin  in  the  one  than  in 
the  other.  The  reason  for  this  may  lie  partly  in  the  fact  that  in 
the  coagulation  of  tibrin  from  the  fibrinogen  some  fibrin  globulin  is 
formed  which  in  the  quantitative  estimation  is  precipitated  with  the 
serum  globulin,  and  partly  because  the  white  corpuscles  yield  serum 
globulin  in  the  fibrin  coagulation  (Ales.  Schmidt). 

The  quantity  of  mineral  bodies  in  the  serum  has  been  determined 
by  many  investigators. 

The  conclnaion  drawn  from  the  analyses  is  that  there  exists  a 
rather  close  correspoudence  between  human  and  animal  blood -serum, 
and  it  is  therefore  aufficient  to  give  here  the  analysis  of  0.  Schmidt 
of  (1)  human  blood,  and  of  (2)  pig-  and  (3)  ox-blood  by  Bcnoe. 
As  in  the  calcination  of  lecithin  and  albumins  incorrect  results 
are  obtained  for  the  phosphoric  and  sulphuric  acids,  these  result 
will  not  be  given  below.     All  figures  correspond  to  1000  parts  of 


K,0 0,393  0.2T3  0  3H 

Na,0 4.463  4.373  4.351 

CI 3.612  8.611  8.7i7 

CaO 0.163  0.136  0.186 

HgO 0.101  0.038  O.OU 

The  amount  of  \aGI  is  6-7  p.  m.,  and  it  is  remarkable  that  this 
amount  of  NaCI  remains  almost  constant,  so  that  with  food  con- 
taining an  excess  of  NaCl  it  is  quickly  eliminated  by  the  urine, 
and  with  food  poor  in  chlorides  the  amount  in  the  blood  first 
decreases,  but  increases  after  taking  chlorides  from  the  tissues. 
The  secretion  of  chlorides  by  the  urine  is  thereby  diminished. 

The  amount  of  phosphoric  acid,  calculated  as  Na.HPO, ,  in  the 
serum  freed  from  lecithin  has  been  determined  as  0.03-0.09  p.  m. 
by  Sertoli  and  Mroczkowski  in  different  varieties  of  serum.  The 
small  amount  of  iron  sometimes  found  in  the  serum  probably  origi- 
nates from  a  contamination  with  the  blood-coloring  matters. 


PUratOLOGtCAL  OSSJaSTBT. 


II.  The  Form-elements  of  the  Blood, 
The  Red  Blood-corpnsclei. 

The  blood -corpuscles  are  round,  biconcave  disks  trithont  mem- 
brane and  nucleus  iu  man  and  niannnialia  {with  the  exception  of 
the  llama,  the  camel,  and  their  congeners).  In  the  latter  animals, 
as  also  in  birds,  amphibia,  and  fishes  (with  the  exception  of 
the  cyclostocia),  the  corpuscles  have  in  general  a  nucleus,  are 
biconvex  and  more  or  less  elliptical.  The  size  varies  in  differ- 
ent animals.  In  man  they  have  an  average  diameter  of  7 
to  8  /t  (m  =  0.001  m.m.)  and  a  maximum  thicknesa  of  1.9  ft. 
Their  specific  gravity  is  1.088  to  l.OSfl  (C.  Schmidt)  or  1.105 
(Welckek).  They  are  heavier  than  the  blood-plasma  or  serum, 
and  therefore  sink  in  these  liquids.  In  the  discharged  blood  they 
may  lie  sometimes  with  their  fiat  surfaces  together,  forming  a 
cylinder  like  a  roll  of  coin.  The  reason  for  this  is  unknown,  but 
as  it  may  be  observed  in  defibrinated  blood  it  seems  probable  that 
the  formation  of  fibrin  has  nothing  to  do  with  it.  Seen  with  the 
microscope,  each  hi  cod -corpuscle  has  a  pale  yellow  color,  and  only 
in  moderately  thick  layers  is  the  color  somewhat  reddish. 

The  number  of  red  blood-corpuscles  ia  diflerent  in  the  blood  of 
various  animals.  In  the  blood  of  man  there  are  generally  5  million 
red  corpuscles  in  1  c.mm.,  and  in  woman  4  to  4.5  million. 

On  diluting  the  blood  with  water  and  alternately  freezing  and 
thawing  it,  as  also  on  shaking  it  with  ether,  or  by  the  action  of 
chloroform  or  bile,  a  remarkable  change  takes  place.  The  blood- 
coloring  matters,  which  are  liardly  free  in  the  blood -corpuscles,  but 
rather,  according  to  the  view  of  Uoppe-Seyler,  are  combined 
with  some  other  substance,  perhaps  lecithin,  are  hy  this  means 
set  free  from  these  combinations  and  pass  into  solution,  while 
the  remainder  of  each  blood-corpuscle  forms  a  swollen  mass, 
By  (he  action  of  carbon  dioxide,  hy  the  careful  addition  of  acids, 
acid  salts,  tincture  of  iodine,  or  certain  other  bodies,  this  residue, 
rich  in  albumin,  condenses  and  in  many  cases  the  form  of  the 
blood -corpuscles  may  be  again  obtained.  This  residue  has  been 
called  the  stroma  of  the  red  hlood-corpusoles. 
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To  isolate  tlie  stroiiiata  of  the  blood-corpnaclea  they  aro  washed 
firet  by  dilatiog  the  blood  with  10-20  vols,  of  a  \-2%  common-salt 
solation  and  then  separittiug  the  mLsture  by  centrifugal  force  or 
by  allowing  it  to  stand  at  a  low  temperature.  ThU  is  repeated  a 
few  times  until  the  blood -corpueclea  are  freed  from  serum.  These 
purified  blood -corpuscles  are,  according  to  Wooldeidgb,  mixed 
with  5-6  vols,  of  water  and  then  a  little  ether  is  added  until  com- 
plete solution  is  obtained.  The  leucocytes  gradually  settle  to  the 
bottom,  a  movement  which  may  be  accelerated  by  centrifugal  force, 
and  the  liquid  whicli  separates  therefrom  is  very  carefully  treated 
with  a  1%  solution  of  KHSO,  until  it  is  about  as  dense  as  the 
original  blood.  The  separated  etromata  is  collected  on  a  filter  and 
quickly  washed. 

WooLDBiDOE  found  as  constituents  of  the  stroma  lecithin, 
choUslerin,  and  a  globulin  which,  according  to  Uallibubton,  ia 
the  above-mentioned  (page  58)  fibrinoplaatic  acting  cell-globulin. 
Nncieo- album  in  and  albumoses  could  not  be  detected  (Ualli- 
bubton).  The  nucleated  red  blood -corpuscles  of  the  bird  con- 
tain, according  to  Plos'z  and  Hoppe-Setler,  niirlein  and  an  al- 
buminous body  which  swells  to  a  slimy  mass  in  a  10^  common-salt 
aolution  and  which  seems  to  be  closely  related  to  the  hyaline  sub- 
stance (hyaline  substance  of  Rovida)  occurring  in  the  lymph-cells. 
The  red  blood-corpuscles  without  any  nucleus  are,  as  a  rule,  very 
poor  in  albumin  but  are  rich  in  heeraoglobiu;  the  nucleated  cor- 
puscles are  richer  in  albumin  and  poorer  in  hiemoglohin. 

A  gelatinous,  albuminous,  fibrin-like  body  may  be  obtained  from 
the  red  blood-corpuscles.  This  fibrin-like  mass  has  been  observed 
on  freezing  and  then  thawing  the  sediment  of  the  blood-corpuscles, 
or  on  discharging  the  spark  from  a  large  Leyden  jar  through  the 
blood,  or  on  dissolving  the  blood -corpuscles  of  one  kind  of  ani- 
mal in  the  seram  of  another  (Lamhuis,  stroma  fibrin).  In  none 
of  these  cases  has  it  been  shown  that  we  have  to  deal  with  a  fibrin 
formation  at  the  expense  of  the  stroma.  It  seems  only  to  have 
been  shown  that  the  rod  blood -co  rpuGcles  of  frog's  blood  contain 
fibrinogen  (Albs.  Scumidt  and  Semmkr). 

The  mineral  bodies  of  the  red  corpuscles  are  chiefly  potassium, 
phosphoric  acid,  and  chlorine ;  In  the  red  corpuscles  of  man,  dog, 
and  the  ox  sodium  has  also  been  found. 


PHYSIOLOQWAL  CUSMI8TRT. 


The  most  important  constituent  of  the  blood-corpUBclea  from  a 
physiological  standpoint  is  the  red  coloring  nmtter. 


Blood-coloring  Matters. 

According  to  Hoppe-Setler  the  coloring  matter  of  the  red 
blood-corpuscles  is  not  in  a  free  state  but  combined  with  some 
other  snbatauce.  The  crystalline  coloring  matter,  the  haamo- 
globin  or  oxyhemoglobin,  which  miiy  be  isolated  from  the  blood,  is 
considered,  according  to  Hoppe-Seyleh,  as  a  splitting  product  of 
this  combination,  and  it  acts  in  many  ways  like  the  questionable 
combination  itself.  This  combination  ia  insoluble  in  water  and 
nncrystallizable.  It  strongly  decomposes  hydrogen  peroxide  with- 
out being  oxidized  itself;  it  shows  a  greater  resistance  to  certain 
chemical  reagents  (as  potassium  ferricyanide)  than  the  free  color- 
ing matter,  and  lastly  it  gives  off  its  loosely-combined  oxygen  much 
more  easily  in'  vacnum  than  the  free  coloring  matter.  To  dis- 
tinguish between  the  splitting  products,  the  hraraoglobin  and  the 
ojtybiemoglobin,  we  may  call  the  combination  of  the  blood-coloring 
matter  of  tho  venous  blood -corpuscles  phlcbin,  and  that  of  the  arte- 
rial arterin  {Hoppf.-Seti.eb),  Since  the  above-mentioned  combi- 
nation of  the  blood-coloring  matters  with  other  bodies,  for  example 
(if  they  really  do  exist)  with  lecithin,  have  not  been  closely  studied, 
the  following  statements  will  only  apply  to  the  free  coloring  matter, 
the  hEemoglobin. 

The  color  of  the  blood  depends  in  part  on  hwmoglobin  and  in 
part  on  a  molecular  combination  of  this  with  oxygen,  the  oxyhwvw- 
ffhbin.  We  find  in  blood  after  suffocation  almost  exclusively  haemo- 
globin, in  arterial  blood  disproportionately  large  amounts  of  oiyhie- 
moglobin,  and  in  venous  blood  a  mixture  of  both.  Blood-coloring 
matters  are  found  also  in  striated  as  well  as  in  certain  smooth  mus- 
cles, and  lastly  in  solution  in  different  invertebrata.  The  quantity  of 
hiemoglobin  in  human  blood  may  indeed  be  somewhat  variable  under 
different  circumstances,  but  amounts  averaging  about  14%  or  8,5 
grammes  have  been  determined  for  each  kilo  of  the  weight  of  the 
body. 

The  hffimoglobin  belongs  to  the  group  of  proteids,  and  yields  as 
splitting  products,  besides  very  small  amounts  of  volatile  fatty  acids 
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and  other  bodies,  chiefly  albumin  (96^),  and  a  coloring  matter, 
haviochromogen  (4^),  contaiuiiig  iron,  which  in  the  presence  of 
oxjgen  is  eusilj  oxidized  into  htBinatin. 

The  hfemoglobiii  prepared  from  different  kinds  of  blood  has 
not  exactly  the  same  constitution,  vhich  eeenis  to  indicate  the  pres- 
ence of  different  haatnoglobins.  The  analyses  of  different  JnTeati- 
gators  of  the  luemoglobin  from  the  same  kind  of  blood  do  not  • 
always  agree  with  one  another,  which  probably  depends  npon  the 
somewhat  various  methods  of  preparation.  The  following  analyses 
are  given  as  examples  of  the  constitution  of  different  bsemoglobinH: 

^m  ISe'°  C  H  N         S         Fe  O  P.O. 

Dog nSS.*!  7.32  16.17  0-390  0.430  2t.84  (HopPK-gBruu.) 

■■    M.57  7.23  18,38  0588  (1.338  2n.H3  (Ja«ubt.) 

Horse 64,87  9.87  17,31  0.650  0,470  10.73  ... .  (KfWsisL-) 

"     SI. 15  6,78  17  01  0,300  0,335  33  48  ....  (Zinopmkt.) 

Oi M.69  7,35  17.70  0.477  0,400  10,643  , . . .  (nUMBR-) 

Pig M.17  7,38  1B33  0-690  0.430  21.300  ....(Otto.1 

■■    M.71  7.38  17,48  0,470  0,80«  1B,803  .. ..  (HSfneb.) 

Ontno-pig  S4.12  7,36  16.78  O.nso  0.480  20.680  . . . .  (HoPFS-SBruiR.) 

Squirrel,.,  54.09  7.30  16,00  0.400  0.S90  21.440  

Oooee 54,26  7.10  16,21  0.59O  0.430  20.61KI  0.77 

Heu 53.47  7.19  1845  0.857  0.335  33.500  0.197  (Jacijckt.) 

The  question  whether  the  amonnt  of  phosphorus  in  the  haemo- 
globin from  birds  exists  as  a  contamination  or  as  a  constituent  has 
not  been  decided.  In  the  hiemogloblu  from  the  horse  (Zinoffskt), 
the  pig,  and  the  ox  (Hufsee)  we  have  1  atom  of  iron  to  3  atoms  of 
sulphur,  while  in  the  haimoglobiu  from  the  dog  (Jacqitet)  the  rela- 
tion is  1  to  3.  From  the  data  of  the  elementary  analysis,  as  also  from 
the  amount  of  loosely-combined  oxygen,  Kufnek  has  calculated 
the  molecular  weight  of  dog-hienioglobin  a^  14,129  and  the  formula 
CmIIiniN,„FeS,0,,,.  The  molecular  weight  is  therefore  very  high. 
The  hffimoglobin  from  various  kinds  of  blood  not  only  show  a 
diverse  constitution,  but  also  a  different  solubility  and  crystalline 
form,  anil  a  varying  quantity  of  water  of  crystallization,  from  which 
we  infer  that  there  are  several  kinds  of  hsemoglobin. 

Oxyhemoglobin,  which  has  also  been  called  II.!EMato8lobulu( 
or  H  JiMATOCUYriTALLiN,  is  a  molecular  combination  of  hemoglobin 
and  oxygen.  For  each  molecule  of  hiemoglobin  1  molecale  of  oxy- 
^n  exists;  and  the  amount  of  loosely-combined  oxygen  which  ia 
nmted  to  1  grm.  oxyhsetnoglobiu  (of  the  dog)  has  been  determined  by 
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Hdfhbk  as  1,582  c.  c.  (at  0°  C.  and  780  m.m.  Hg).  The  ability 
of  hsemoglobin  to  take  np  oxygen  aeeniH  to  be  a  function  of  the  iron 
it  contains,  and  when  this  is  calculated  ae  about  0,33-0.40^,  then 
I  atom  of  iron  in  the  htemoglobin  corresponds  to  about  3  atoms  =  1 
molecule  of  oxygen.  The  combination  of  htemoglobin  with  oxygen 
is,  as  has  been  stated,  loose  and  dissociatable,  and  the  quantity 
of  oxygen  taken  up  by  a  haamoglobin  solution  depends  upon  the 
pressure  of  tlie  oxygen  at  that  temperature.  If  this  latter  be 
decreased  by  means  of  a  vacuum,  especially  on  gently  heating  or 
by  passing  some  indifferent  gas  through  the  solution,  all  of  the 
oxygen  may  be  expelled  from  an  oxyhiemoglohin  solution  so  that 
only  hfemoglobin  remains.  The  reverse  of  this  is  true  of  a  hcemo- 
globin  solution  which  by  its  remarkable  attraction  for  oxygen  may 
be  converted  into  oxylwemoglobin.  Oxyhsemoglobin  is  generally 
considered  as  a  weak  acid. 

Oiy haemoglobin  has  been  obtained  in  crystals  from  several 
varieties  of  blood.  These  crystals,  first  observed  by  Reichert 
and  FuNKE,  are  blood-red,  transparent,  silky,  and  may  be  2-3,m.m, 
long.  The  oxyh»moglobin  from  squirrel's  blood  crystallizes  in  six- 
sided  plates  of  the  hexagonal  system;  the  other  varieties  of  blood 
yield  needles,  prisms,  tetrahedra,  or  plates  which  belong  to  the 
rhombic  system.  The  quantity  of  water  of  crystallization  varies 
between  3-10;(  for  the  different  oxyhffimoglobins.  When  com- 
pletely dried  at  a  low  temperature  over  sulphuric  acid  the  crys- 
tals may  he  heated  to  IIO^-IIS"  0.  without  decomposing.  At 
higher  temperatures,  somewhat  above  160°  C,  they  decompose, 
giving  an  odor  of  burnt  horn,  and  leave,  after  complete  combus- 
tion, an  ash  consisting  of  oxide  of  iron.  The  oxyhiemoglohin 
crystals  from  difficultly-crystallizable  kinds  of  blood,  for  exam- 
ple from  such  as  ox's,  human,  and  pig's  blood,  are  easily  soluble  in 
water.  The  oxyhffimoglobin  from  easily- crystal  I  izable  blood,  as 
from  that  of  the  horse,  dog,  squirrel,  and  guinea-pig,  are  soluble 
with  difficulty  in  the  order  above  given.  The  oxyhtemoglobin 
diaaolvea  more  easily  in  a  very  dilute  solution  of  alkali  carbonate 
than  in  pure  water,  and  this  solution  may  be  kept.  The  presence 
o(  a  little  too  much  alkali  causes  the  oxyhsemoglobin  to  quickly 
decompose.  The  crystals  are  insoluble  without  decolorization 
hk   absolute    alcohol      According   to    Nencki,    it   is    converted 
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intoanisomericor  polymeric  modification,  called  by  hxva  parahamo- 
globin.  OxyliffimoglobiD  is  insoluble  in  ether,  chloroform,  benzol, 
and  carbon  diaulpbide. 

A  solution  of  oxyhemoglobin  in  water  ia  not  precipitated  by 
many  metallic  salts,  but  is  precipitated  by  sugar  of  lead.  On  heat- 
ing the  watery  aolation  it  decomposes  at  00°  to  70°  C,  and  it  splits 
off  albumin  and  hiematin.  It  is  ulao  decomposed  by  acids,  alkalieB, 
and  many  metallic  salts.  It  gives  the  ordinary  reactions  for  albu- 
min with  the  albumin  reagents  which  first  decompose  the  oxyhemo- 
globin with  the  splitting  oil  of  albumin. 

The  oxyhemoglobin  may,  when  it  is  gradually  oxidized,  act  as 
an  "  ozone  exciter  "  by  the  disjoining  of  ifeutral  oxygen,  making  the 
oxygen  active  (Ffluoeb),  It  may  also  have  another  relation  to 
ozone,  since  it  has  the  property  of  an  "ozone  transmitter"  in  that 
it  causes  the  reaction  of  certain  reagents  (turpentine)  containing 
ozone  upon  ozone  reagents  such  as  tincture  of  guaiacum  (Schojj- 
BEiN,  His).  According  to  Kowalewsky,  it  is  not  ozone  but  an 
oxidation -prod  net  of  turpentine  that  we  have  to  deal  with;  but  this 
qnestion  requires  further  proof. 

A  sufficiently  dilute  aniiitiou  of  oxyhiemoglobin  or  arterial  blood 
shows  a  spectrum  with  two  absorption -bands  between  the  Fradn- 
HOFBB  lines  D  and  E.  The  one  band  a,  which  ia  narrower  but 
darker  and  8harper,lio8  on  the  line  D:  the  other,  broader,  less  de- 
fined and  less  dark  band  /3.  lies  at  E.  Theae  bands  can  be  detected 
in  a  layer  of  1  cm,  of  a  0.1  p.  m.  solution  of  oxyhemoglobin.  In  a 
still  weaker  dilution  the  band  /3  first  disappears.  By  increased  con- 
centration of  the  solution  the  two  hands  become  broader,  the  space 
between  them  smaller  or  entirely  obliterated,  and  at  the  same  time  the 
bine  and  violet  part  of  the  apectmm  is  darkened.  The  oxyhemo- 
globin may  be  differentiated  from  other  coloring  matters  having  a 
similar  absorption-spectrum  by  its  behavior  towards  reducing  sub- 
stances.    (See  below.) 

A  great  many  methods  have  been  profiosed  for  the  preparation 
of  oxjliiemoglobin  crystals,  hut  in  their  chief  features  they  all  agree 
with  the  following  method  as  suggested  by  Hoppe-Seylee  :  The 
washed  blood -corpuscles  (best  those  from  the  dog  or  the  horse)  are 
stirred  with  S  vols,  water  and  then  shaken  with  ether.  After 
decanting  the  ether  and  allowing  the  ether  which  is  retained  by 
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the  blood  aolution  to  eviiimrate  in  an  open  dish  in  the  air,  cool  the 
filtered  Mood  solution  to  (f  {'.,  add  while  stirring  \  vol.  ot  alcohol 
also  cooled,  and  allow  to  stand  a  few  days  at  —  5°  to  —  10°  C. 
The  crystals  which  separate  may  be  repeatedly  reorystallized  by  dis- 
solving in  water  of  about  35°  C,  cooling  and  adding  cooled  alcohol 
as  above.  Lastly,  they  are  washed  with  cooled  water  containing 
alcohol  (i  vol.  alcohol)  and  dried  in  vacnnm  at  0°  C.  or  a  lower 
temperature.  According  to  Gscreidlen's  investigations,  oxy- 
heemoglobiQ  crystals  may  oe  obtained  from  difficulty  crystallizable 
varietieB  of  blood  by  allowing  the  blood  first  to  putnfy  slightly 
in  sealed  tubes.  After  shaking  with  air  by  which  the  blood  is 
again  arterialized,  proceed  as  above. 

For  the  preitaration  of  oxyhemoglobin  crystals  in  small  quanti- 
ties from  blooa  easily  crystallized,  it  is  often  sufficient  to  stir  a 
drop  of  blood  with  a  little  water  on  a  microscope  slide  and  allow  the 
mixture  to  evajwrate  so  that  the  drop  is  surrounded  by  a  dried  ring. 
After  covering  with  a  thin  glass,  the  crystals  gradually  appear  radiat- 
ing from  the  ring.  These  crystals  are  formed  in  a  surer  manner  if 
the  blood  is  first  mixed  with  some  water  in  a  test-tube  and  shaken 
with  ether  and  a  drop  of  the  lower  deep-colored  liquid  treated  as 
above  on  the  slide. 

Hnmoglobin,  also  called  Reduced  HfuoGLOBi^t  or  Purple 
Cruorin  (Stoke.'*),  occnrs  only  in  very  small  quantities  in  arterial 
blood,  in  larger  qnantities  in  venous  blood,  and  is  nearly  the  only 
blood -coloring  matter  after  suffocation. 

Hemoglobin  is  much  more  soluble  than  the  oxyhiemoglobin,  and 
it  can  therefore  only  be  obtained  as  crystals  with  difficulty.  These 
crystals  are  as  a  rule  isomorphons  to  the  corresponding  oxyhieino- 
globin  crystals,  but  are  darker,  having  a  shade  towards  the  blue  or 
purple,  and  are  decidedly  more  pleochromatie.  Its  solutions  in 
water  are  darker  and  more  violet  or  purplish  than  solutions  of  oxy- 
hsemoglobin  of  the  same  concentration.  They  absorb  the  blue  and 
the  violet  rays  of  the  spectrum  in  a  less  marked  degree,  but  strongly 
absorb  the  raya  lying  between  C  and  D.  In  proper  dilution  the 
■olntion  shows  a  Bpectmm  with  one  broad,  not  sharply -defined  band 
between  D  and  E.  This  band  does  not  lie  in  the  middle  between 
D  and  E.  but  is  towards  the  red  end  of  the  spectrum,  a  little  over 
the  line  A  A  hemoglobin  solution  actively  absorbs  oxygen  from 
the  air  and  is  converted  into  an  oxyhemoglobin  solution. 

A  solution  of  oxyhemoglobin  may  be  easily  converted  into  a 
hemoglobin  solution  by  means  of  a  vacuum,  by  passing  an  indiffer- 
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ent  gas  throagh,  or  by  the  addition  of  a  reducin?  substance,  as,  for 
example,  im  ammoniacal  ferrotartrate  solution  (Stokes'  reduction- 
liqiiid).  If  an  oxyhiemoglobin  Bolution  or  arterial  blood  is  kept 
in  a  sealed  tube,  we  observe  a  gradual  reduction  of  the  oxyhtemo- 
globin  into  hemoglobin.  If  the  solution  has  a  proper  concent  rat  ion, 
a  crystullization  of  hemoglobin  may  occur  in  the  tube  at  lower 
temperatures  (HrFSEK). 

Carbon  Monoxide  Htemoglobia  is  the  molecular  combination  be- 
tween 1  mol.  hfemoglobiii  and  1  mol.  CO.  This  combination  ia 
stronger  than  the  oxygen  combination  of  hsBmoglobin.  The  oxygen 
18  for  this  reason  easily  driven  off  by  carbon  monoiide.and  this  ex- 
plains the  poisonous  action  of  carbon  monoxide,  which  kills  by  the 
expulsion  of  the  oxygen  of  the  blood. 

Carbon  monoxide  hmmogloltin  is  formed  by  saturating  blood  or 
a  biemoglobin  i^olution  with  carbon  monoxide,  and  may  be  obtained 
as  crystals  by  the  same  means  as  oxyhaimoglobin.  These  crystala 
are  iaomorphous  to  the  oxyhismoglobiu  crystals,  but  are  less  soluble, 
more  constant,  and  their  bluish-red  color  is  more  marked.  For  the 
detection  of  carbon  monoxide  haamoglobin  its  absorption  spectrum 
ia  of  the  greatest  importance.  This  spectrum  shows  two  bands  which 
are  very  similar  to  those  of  oxj'hiemoglobin,  but  they  occur  more 
towards  the  violet  part  of  the  spectrum.  These  bands  do  not  change 
noticeably  on  the  addition  of  redncing  substances;  this  constitutes 
an  important  difference  between  carbon  monoxide  and  oxyhsemo- 
globin.  If  the  blood  contains  oxyhsemoglobin  and  carbon  monoxide 
biemoglobin  at  the  same  time,  we  will  obtain  on  the  addition  of  a 
reducing  substance  (ammoniacal  ferrotartrate  solution)  a  mixed 
spectnini  originating  from  the  htemoglobin  and  carbon  monoxide 
hfenioglobin. 

A  great  many  reactions  have  been  suggested  for  the  testing  of 
carbon -monoxide  htemoglobiu  in  medico-legal  cases.  A  simple 
and  at  the  same  time  a  good  one  ia  Hoppb-Seylek's  soda  test. 
The  blood  is  treated  with  double  its  volume  of  caustic-soda  solution 
of  1.3  sp.  gr.,  by  which  ordinary  blood  is  converted  into  a  dingy 
brownish  iniias,  which  when  spread  out  on  porcelain  is  brown 
with  a  shade  of  green.  Carbon-monoxide  blood  gives  under  the 
same  conditions  a  red  mass,  which  if  spread  out  on  porcelain 
shows  a  beautiful  red  color.  Several  modifications  of  this  test  have 
been  proposed. 
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Nitric -oxide  Hsmf^lobin  is  also  a  cryetalline  molecular  com- 
bination which  is  even  stronger  than  the  carbon -monoxide  hiemo- 
globin.  Its  solution  shows  two  absorption- bands  which  are  paler 
and  less  sharp  than  tbe  carbon-monoxide  hemoglobin  banda,  and 
they  disappear  on  the  addition  of  reducing  bodies. 


Carbon  -  dioxide  Haemoglobin.  Hfemoglobin  forms  a  molecnl&r 
combination  with  carbon  dioxide  whose  Bpectmm  is  similar  to  that 
of  htemoglobin  (Torup).  Bj  the  action  of  carbon  dioxide  on 
hemoglobin  part  of  the  latter  is  decom]M)sed  with  the  eeparation  of 
albumin  (Bour,  ToKrp),  and  the  combination  seems  to  be  rather 
carbon-Uioxide  hffimochromogen  (see  below  :  Hwmochromogen). 

Hetheemoglobin.  This  name  has  been  given  to  a  coloring  matter 
which  is  easily  obtained  from  the  oxyhtemoglobin  as  a  transforma- 
tion product  and  which  has  been  correspondingly  found  in  transuda- 
tions and  cystin  fluids  containing  blood,  iu  urine,  in  hieniaturia  or 
faiemoglobinuria,  also  in  urine  and  blood  on  poisoning  with  potas- 
sium chlorate,  amyl  nitrite  or  alkali  nitrite,  and  many  other 
bodies. 

Metbsmoglobin  does  not  contain  any  oxygen  in  molecular  or 
diesociable  combination,  but  still  the  oxygen  seems  to  be  of  im- 
portance in  the  formation  of  metbiemoglobin.  If  arterial  blood  be 
sealed  up  in  a  tube,  it  gradually  consumes  its  oxygen  and  becomes 
venous,  and  by  this  absorption  of  oxygen  a  little  mothfemoglobin  is 
formed.  The  same  occurs  on  the  addition  of  a  small  quantity  of 
acid  to  the  blood.  By  the  spontaneous  decomposition  of  blood 
some  met  haemoglobin  is  formed,  and  by  the  action  of  ozone,  potas- 
sium permanganate,  potassium  ferricyanide,  and  certain  other 
bodies  on  the  blood  an  abundant  formation  of  methsmoglobin 
takes  place. 

According  to  a  few  investigators,  among  others  Sorbt  aod 
Jadkriiolu.  the  methiemoglobin  contains  more  oxygon  than 
oxyhemoglobin,  while  according  to  others,  among  whom  may  be 
mentioned  Uoppe-Seyler,  it  contains  less.  Hofneb  and  Otto 
claim  that  it  contains  just  as  much  oxygen,  but  that  it  is  more 
■troogly  combined.     Jaubruolm    and    Saakbach   claim   that  ■ 
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metheemoglobiu  is  first  converted  into  an  oxybiemoglobin  and  then 
into  a  lisemoglobin  eolution  bj  reducing  substances,  while  Hoppe- 
Sevlek  claims  tbat  it  is  converted  directly  into  a  haemoglobin 
solution. 

Methsemoglobin  has  the  aame  constitution  as  oxyhtemoglohin 
(HuFNEK  and  Otto).  It  was  first  shown  by  them  that  it  crystal- 
lizes in  brownish-red  needles,  prisms,  or  six-sided  plates.  It  disaolves 
easily  in  water  ;  the  solution  has  a  brown,  color  and  becomes  u 
beautiful  red  on  the  addition  of  alkali.  The  eolation  of  the  pure 
subetance  is  not  precipitated  by  lead  acetate  alone,  but  by  lead 
acetate  and  ammonia.  The  absorption -spectrum  of  a  watery  or 
acidified  solution  of  methffimoglobiu  is  very  similar  to  that  of 
htematin  in  acid  solution,  but  is  easily  distinguiahed  from  the 
latter  since,  on  the  addition  of  a  little  alkali  and  a  reducing 
substance,  the  former  passes  over  to  the  apectnim  of  reduced 
haemoglobin,  while  a  htematin  solution  under  the  same  conditions 
gives  the  spectrum  of  an  alkaline  hiemochromogen  aolation  (see 
below).  Mcthaimoglobiu  in  alkaline  solution  shows  two  absorption- 
bands  which  are  like  the  two  oxyhtemoglohin  bands,  but  they  differ 
from  these  in  that  the  band  ^  is  stronger  than  a.  By  the  side  of 
the  band  a  and  united  with  it  by  a  shadow  lies  a  third,  fainter 
band  between  C  and  D,  near  to  J). 

Crystallized  methiemoglohin  may  be  easily  obtained  by  treating 
a  concentrated  solution  of  oiyhfemoglobin  with  a  snRicient  quanti- 
ty of  concentrated  potassium  ferricyanide solution  to  give  the  mix- 
ture a  porter-brown  color.  After  cooling  to  0°  0.  add  \  vol.  cooled 
alcohol  and  allow  the  mixture  to  stand  a  few  days  in  the  cold.  The 
crystals  may  be  easily  purified  by  recrystallizing  from  water  by  the 
addition  of  alcohol. 

CarbOD  monoxide  metbttmo^lobin  1ii\8  be«n  prepnred  by  Wetl  nnd  v. 
Aksep  by  IliL'  aclion  of  piimiiiiiiMi  permaDgaDSte  oa  oarboD  mODoxiile  hemo- 
globin. 8tilpbaiia«tbBmogIobla  is  tbe  same  given  by  IIopfk-Sbti.br  lo  that 
colnring  tnallvr  wLlcb  is  forniFd  by  the  action  of  sulphuretted  hydrogen  on 
oxrhffinioglobin.  Tlie  Buliitioii  has  a  creenlsh-red,  dirty  color  and  shows  an 
HbsorpiioD-bnnd  in  the  red.  Thin  colonnR  matter  is  claimed  to  be  ibe  greenUh 
color  wen  on  iLe  surface  of  putrefying  flesh. 

Decomposi/ion  prodvcts  of  the  blood  coloring  mailers.  By 
its  decomposition  hemoglobin  yields,  as  above  stated,  albumin  and 
a  ferruginous  coloring  matter  as  chief  prodncts.  If  the  de- 
composition takes  place  in  the  absence  of  oxygen,  a  coloring  matter 
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IB  obtaiaed  which  is  called  by  Hoppe-Seyler  kcemochromogen,  by 
other  investigators  (Stokes)  reduced  ho'.malin.  In  the  presence 
of  oxygen,  Itffimochromogeii  is  quickly  oxidized  to  ha>matin,  au4  J 
we  obtain  in  this  case  aa  a  colored  decompoHitlon  product 
another  coloring  matter,  hmtnatin.  As  hasmochromogen  ib  easily 
converted  by  oxygen  into  hxuiatin,  so  this  latter  may  be  reconverted 
into  htemochroinogen  by  reducing  substances. 

Hmmoohromogen  was  discovered  by  Hoppe-Setler  to  whom  of 
all  inveatigatora  we  are  more  indebted  for  oar  knowledge  in  regard 
to  the  blood -coloring  matters  and  their  decomposition  prodnctB.  He 
baa  also  lately  been  able  to  obtain  this  coloring  matter  oa  crystals. 
Htemocbromogen  is,  according  to  Hopfe-Seyler,  the  colored 
atomic  group  of  hemoglobin  and  its  combination  with  gases, 
and  this  atomic  group  is  combined  with  albumin  in  the  coloring 
matter.  The  characteristic  absorption  of  light  depends  on  the 
hffimochromogen,  and  it  is  also  this  atomic  group  which  binds  in 
the  oxyhcemoglobin  I  mol.  oxygen  and  in  the  carbon  monoxide 
heemoglobiu  1  mol.  carbon  monoxide  with  1  atom  iron.  Hoppb- 
Setler  has  observed  a  combination  between  h»mochromogen  and 
carbon  monoxide,  and  this  combination  ahowB  the  spectral  appear- 
ance of  carbon  monoxide  haemoglobin. 

An  alkaline  hffimochromogen  solution  has  a  beautiful  red  color. 
It  shows  two  absorption -bands,  first  described  by  Storks,  of  which 
the  one  is  darker  and  lies  between  D  and  E,  and  the  other,  broader 
but  not  so  dark,  covers  the  lines  E  and  6.  In  acid  solution  btemo- 
chromogen  shows  four  bands,  which  according  to  Jadebholm  de- 
pend on  a  mixture  of  bamocliromogen  and  hie  ma  to  porphyrin  (see 
bflow),  thia  last  formed  by  a  partial  decomposition  resulting  from  the 
action  of  the  acid. 

HRmochromogen  may  be  obtained  as  crystals  by  the  action  of 
caustic  soda  on  hfemoglobiu  at  100°  C.  in  the  absence  of  oxygen 

SBoppe-Setler).  By  the  decomposition  of  ba?moglobin  by  acids 
of  course  in  the  absence  of  air)  we  obtain  htemochromogen  con- 
taminated with  a  little  hffimatoiwqjhyrin.  An  alkaline  htemocbro- 
mogen solution  is  easily  obtained  by  the  action  of  a  reducing  sub- 
£tance  (Stokes*  reduction  liquid)  in  an  alkaline  htematin  solution. 

Hnmatin,  also  called  Oxyhsmatin,  is  sometimes  found  in  old 
transudations.'    It  is  formed  by  the  action  of  gastric  or  pancreatic 
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jnices  on  oxyhsemoglobm,  and  is  therefore  also  found  in  the  fsece 
after  hemorrhage  in  the  intestinal  canal,  and  also  after  a  meat  diei^ 
and  food   rich  in  blood.     It  is  stuted  tliat  htematin  may  i 
in  urine  after  poisoning  with  arseniuretted  hydrogen,     Ab  shown 
above,  the  hmmatin  is  formed  by  the  decomposition  of  oxyhtemo- 
globin,  or  at  leagt  of  htemoglobin,  in  the  presence  of  oxygen. 

The  constitution  of  bffimatin  may,  ai;cording  to  Hoppe-Seyleb, 
be  expressed  by  the  formula  CjtH„N,FeOs.  According  to  Nencki 
and  Sibber  it  has  the  formula  Cj,nijN,FeO, ,  and  they  claim  that 
hsematin  consists  of  a  body  not  yet  isolated,  hcemin,  CnHaN,FeOi) 
with  1  mol.  H,0. 

Hffimatin  is  amorphous,  dark  brown  or  bltiiab  black.  It  may 
be  heated  to  180°  0.  without  decomposition;  on  burning  it  leaves  a 
residue  consisting  of  iron  oxide.  It  is  insoluble  in  water,  dilute 
acids,  alcohol,  ether,  and  chloroform,  but  it  dissolves  slightly  in 
warm  glacial  acetic  acid.  Hsmatin  dissolves  in  acidified  alcohol 
or  ether.  It  easily  dissolves  in  alkalies,  even  when  very  dilute.  The 
alkaline  solutions  are  dichroitic;  in  thick  layers  they  appear  red  by 
reflected  light,  and  in  thin  layers  greenish.  The  alkaline  solutions 
are  precipitated  by  lime-  and  baryta-water,  as  also  by  solutions  of 
neutral  salts  of  the  alkaline  earths.  The  ucid  solutions  are  always 
brown. 

An  acid  heematin  solution  absorbs  the  red  part  of  the  spectrum 
less  and  the  violet  part  more.  The  solution  shows  a  rather  sharply- 
defined  band  between  C  and  D  whose  position  may  change  with  the 
variety  of  acid  used  as  a  solvent.  Between  D  and  F  a  second,  much 
broader,  less  sharply-defiued  baud  occurs  which  by  proper  dilution 
ot  the  liqnid  is  converted  into  two  bands.  The  one  between  b  and  F, 
lying  near  F,  is  darker  and  broader,  the  other,  between  D  and  E, 
lying  near  £^,  is  lighter  and  narrower.  Also  by  proper  dilution  a 
fourth  very  faint  band  is  observed  between  D  and  E  lying  near  D. 
Hffimatin  may  thns  in  acid  solution  show  four  absorption-bands; 
ordinarily  one  sees  distinctly  only  the  bands  between  C  and  D 
and  the  broad,  dark  baud — or  the  two  bands — between  D  aud  F. 
In  alkaline  solution  the  hiematin  shows  a  broad  absorption -band, 
which  lies  in  greatest  part  between  C  and  D,  but  reaches  a  little 
over  the  line  D  towards  the  right  in  the  space  between  D  and  E. 

HEematiti  is  dissolved  by  concentrated   sulphuric  acid  in  the 
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presence  of  air,  forming  a  purple-red  liquid.  The  iron  ia  here 
split  oS  and  the  new  coloring  matter,  called  ItannalopoTphyrin  bj 
Hoppe-Setlkb,  is  iron-free.  The  hsematin  yields  with  concentrat- 
ed sulphuric  acid,  in  the  ubseDce  of  air,  a  second  iron-free  coloring' 
matter  called  h(EmatoHn  (Hoppe-Seyler).  Hseniatoporphjrrin  may 
also  be  prepared  by  the  action  of  glacial  acetic  acid  saturated  with 
hydrobromic  acid  on  hsemin  crystals  (Nencki  and  Sieber).  This 
coloring  matter  is,  according  to  Ivencki  and  Siebeb,  an  isomer 
of  the  bile-coloring  matter  bilirubin,  and  the  formula  is,  according 
to  them,  C„H,»N,Oi.  The  formation  of  hsematoporphyrin  from 
htematin  occurs  according  to  the  following  equation : 

C„H„N,O.Fe  -H  2H,0  -  Fe  =  2{C„n„N,0,). 

The  combinations  of  hamatoporphyrin  with  Na  and  with  HCI 
hare  been  obtained  as  crystals  by  Nencki  and  Siebeb.  The 
hiematoporphyrin  prepared  by  them  does  not  seem  to  be  identical 
with  that  prepared  by  Hoppe-Seyler  even  though  they  have  the 
j^ame  spectrum.  A  dilute  solution  with  alkali  carbonate  shows  a 
ijpectrum  with  four  absorption -bands,  namely,  a  band  between  C 
and  D;  a  second,  broader,  surrounding  D  and  with  its  broadest 
part  between  D  and  E;  a  third,  lighter  and  narrower,  between  D 
and  E;  and  lastly  a  fourth,  broad  and  darlt  band  between  b  and  F. 
By  the  actiou  of  reducing  agents  on  hEematoporphyrin  a  coloring 
matter  has  been  obtained  which  stands  closely  related  to  nrobi- 
lin  {Hoppe-Seyleb,  Nencki  and  Sieber).  Hfematoporphyrin 
occurs  also  in  the  animal  kingdom  preformed  (MacMunn). 

Hemin,  11  ^.min  Crystals,  or  Teichmann's  Crystals.  Hte- 
min,  according  to  FIoppe-Seyler,  is  a  combination  between  hte- 
matin  and  hydrochloric  acid,  having  the  formula  Cj,HiuN,FeOe,HCl. 
Nencei  and  Sieber  designate  as  haamin,  on  the  contrary  {see  page 
77),  a  body  not  yet  isolated,  of  the  formula  CaHjoNiFeO, ,  which 
may  be  considered  as  hiematin  —  H,0  or  CnHaNiFeO,  —  H,0. 
The  hiemin  crystals  are,  according  to  the  latest  views,  a  combina- 
tion of  this  substance,  hiemin,  and  HCl,  according  to  the  formula 
O.H,N,FeO,.HCl. 

According  to  the  same  esperlmentere.tbe  hffimiD  crystals  are  a  double  com- 
bination wiib  the  snlvent,  niii;!  alcohol  or  acetic  acid,  which  b  used  in  Uieir 
praparatioD;  while  UorPE-SBVUUt  claims  thai  Iho  aoWeot  la  oalf  held  me- 
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(Cj,Hs,J(,FeO,.H01),.CsHuO. 

Hsemiii  crystals  form  in  large  masses  a  bluiah-black  powder,  but 
are  bo  BTuatl  IndiTiduallj  that  they  can  only  be  seen  by  the  micro- 
ficope.  They  consist  of  dark-brown  or  nearly  brownish-black,  long, 
rhombic,  or  Bpool-liko  crystals,  isolated,  or  grouped  as  croases, 
rosettes,  or  starry  forms.  They  are  insoluble  in  water,  dilute  acids 
at  the  normal  temperature,  alcohol,  ether,  and  chloroform.  They 
are  slightly  diaaolved  by  glacial  acetic  acid  and  warmth.  They 
dissolve  in  acidified  alcohol,  ae  also  in  dilute  caustic  or  carbonated 
alkalies;  and  in  the  last  case  they  form,  besides  alkali  chlorides, 
Boluble  hEematin  alkali,  from  which  the  haeraatiu  may  be  precipi* 
tated  by  an  acid. 

The  preparation  of  heemin  crystals  is  always  the  starting-point 
for  the  preparation  of  hEematin.  According  to  Hoppe-Sbyler, 
shake  the  blood-corpuscles  which  have  been  washed  with  common- 
salt  solution  (see  page  66)  with  water  and  ether,  then  filter  the  solu- 
tion of  blood-coloriug  matters,  concentrate  strongly,  mix  with  10-SO 
Tols.  glacial  acetic  acid,  and  heat  for  1-2  hours  on  the  water-bath. 
After  diluting  with  several  volumes  of  water,  allow  the  liquid  to 
stand  a  few  days.  The  crystals  which  separate  are  then  washed 
with  water,  boiled  with  acetic  acid,  and  tlien  washed  again  with 
water,  alcohol,  and  ether.  N'encki  and  Sibbeb  coagulate  the 
sediment  of  the  blood- corpuscles  by  alkali,  allow  the  coagulum  to 
drv  incompletely  in  the  air.  rub  it  fine,  and  then  boil  it  with  amyl 
alcohol  after  the  addition  of  a  little  hydrochloric  acid.  The  crys- 
tals which  separate  from  the  filtrate  after  cooling  are  washed  with 
water,  alcohol,  and  ether.  If  htemiu  crystals  be  dissolved  in  dilute 
caustic  alkali,  hematin  may  be  precipitated  from  the  solution  by 
the  addition  of  acid;  and  from  this  hnematin  pure  hiemin  crystals 
may  be  prepared  by  heating  with  glacial  acetic  acid  and  a  little 
oommon  salt. 

In  preparing  ha;min  crystals  in  small  amounts  proceed  in  the 
following  manner:  The  blood  is  dried  after  the  addition  of  a  small 
qnantity  of  common  salt,  or  the  dried  blood  may  be  mbbed  with  a 
trace  of  common  salt.  The  dry  powder  is  placed  on  a  microscope- 
slide,  moistened  with  glacial  acetic  acid,  and  then  covered  with  the 
cover-glass.  Add,  by  means  of  a  glass  rod,  more  glacial  acetic  acid 
by  applying  the  drop  at  the  edge  of  the  cover-glaas,  until  the  space 
between  the  slide  and  the  cover-glass  is  full.  Now  warm  over  a  very 
gnuiU  Same,  with  the  precaution  that  the  acetic  acid  does  not  bou 
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and  pass  with  the  powder  from  under  the  cover-glasB.     If  no  citb- 

tale  jipj)ear  after  the  first  warming  and  oooiiug,  warm  again,  aud  if 
neceBsary  add  eome  more  acetic  atid.  After  cooling,  if  the  experi- 
ment lias  been  properly  performed,  a  number  of  dark-brown  or 
nearly  blai'k  h^miu  crystals  of  varying  forms  will  be  seen. 

Hsmatoidin,  thus  called  bj  Virchow,  is  a  coloring  matter 
which  crystallizes  in  orange-colored  rhombic  plateB,  and  which 
occurs  in  old  blood  extravasations,  and  whose  origin  from  the 
blood-coloring  matters  seems  to  be  established  (Langhans, 
CoRDUA,  Quincke,  and  others).  A  solution  of  hiematoidin  shows 
no  absorption- bands,  but  only  a.  strong  absorption  of  the  violet 
to  the  green  (Ewald),  According  to  most  observers,  hcema- 
toidin  is  identical  with  the  bile-coloring  matter  bilirubin.  It  is 
not  identical  with  the  crystal lizable  lutein  from  the  corpora  lulea 
of  the  ovaries  of  the  cow  (Piccolo  and  Ligben,  KiiHNE  and 
Ewald). 

In  the  detection  of  the  above-described  blood -coloring  mutters 
the  spectroscope  is  the  only  entirely  trustworthy  means  of  investi- 
gation. If  it  IB  only  necessary  to  detect  blood  in  general  and  not 
to  determine  definitely  whether  the  coloring  matter  is  hitmoglobin, 
methiemoglobin,  or  htematin,  then  the  presence  of  hcemin  crystals 
is  an  absolute  positive  proof.  The  reader  is  referred  to  more 
extended  text-books  for  exacter  methods  for  the  detection  of  blood 
in  chemico-legal  cases,  and  it  is  perhaps  sufficient  to  give  here  the 
chief  points  of  the  investigation. 

If  spoteonclothee,  linen,  wood,  etc.,  are  to  be  tested  for  the  pree- 
ice  of  blood,  it  is  best,  when  poBsibte,  to  scratch  or  shave  oS  as 
much  as  possible,  rub  with  common  suit,  and  from  this  prepare  the 
hffimin  crystals.  On  obttuning  positive  results  the  presence  of 
blood  is  not  to  be  doubted.  If  you  do  not  obtain  sutticient  material 
by  the  above  means,  then  soak  the  spot  with  a  few  drops  of  water 
in  a  watch-crystal.  If  a  colored  solution  is  thus  obtained,  then 
remove  the  fibres,  wood-shaviuge,  and  the  like  aa  fur  as  possible, 
and  dry  all  the  solution  in  a  watch-glass.  The  dried  residue  may 
be  partly  used  for  the  spectroscope  test  directly,  and  part  may  be 
employeil  in  the  preparation  of  the  heemin  crystals.  It  also  serves 
to  detect  hfemochromogen  in  alkaline  solution  after  previous  treat- 
ment with  uikali  and  the  addition  of  reducing  substances. 

If  a  colorless  solution  is  obtained  after  soaking  with  water,  or 
the  spots  are  on  rusty  iron,  then  digest  with  a  little  dilute  alkali 
(5  p.  m.).  In  the  presence  of  blood  the  solution  gives,  after  neu- 
tralization with  hydrochloric  acid  and  drying,  a  residue  which  may 
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give  the  hEemiu  crystals  with  glacial  acetic  acid.  Another  part  ot 
the  alkaline  solution  shows,  after  the  addition  of  Stoke'9  reduc- 
tion liquid,  the  absorption-bands  of  hsemochromogen  in  alkaliofl 

solution. 

The  methods  proposed  [or  the  quantitative  estimation  of  the 
blood-coloring  matters  are  partly  chemical  and  partly  physicaL 

Among  Ibc  cbenilcal  raelbode  to  be  menlloneil  ia  the  asbing  of  tlie  blood 
and  the  ileterm  Ids  lion  of  the  lunounl  of  Iron  contained  tberchi,  from  which 
tlie  amount  of  bKonoglobiu  mny  be  calculated.  Another  method  conaUls  in 
first  aalurHling  llie  blood  complululy  with  oxygen.  Now  pump  out  thor- 
oughly this  oxygen,  and  calculate  from  the  amount  of  oxygen  the  amount  of 
hemoglobin  pr(9itt.'Ut  (Orebaht  and  QuiKqoAtJD).  None  of  these  methods  ia 
reliable. 

The  physical  methods  consist  either  in  a  colorimetric  or  a  epeo- 

troscopic  investigation. 

The  principle  of  Hoppe-Setlbr's  colorimetric  method  is  that  a 
measured  quantity  of  blood  is  diluted  with  an  exactly  measured 
quantity  of  water  until  the  diluted  blood  solution  has  the  same 
color  as  a  pure  oxyhesuioglobin  solution  of  a  known  strength.  The 
amount  of  coloring  matter  present  in  the  undiluted  blood  may  be 
easily  calculated  from  the  degree  of  dilution.  In  the  colorimetric 
testing  we  use  a  glass  vessel  with  parallel  sides  containing  a  laver 
of  liquid  1  cm.  thick  (hiematinometer  of  Hoppb-Sevler).  The 
method  is  good,  and  the  inconvenience  that  the  normal  solution 
of  oxyhiemoglobin  does  not  keep  for  any  length  of  time  without  de- 
composing may  be  prevented  by  preserving  the  solution  in  sealed 
tub^.  'Hie  oxyhiemoglobin  is  gradually  reduced  to  a  haemoglobin 
solution  which  may  be  kept  for  years,  and  when  required  for  use  it 
is  converted  into  an  oxyhsemoglobin  solution  by  aerating.  A  few 
observers  (Rajewsky,  Lessbrj  Mallashbz)  have  tried  to  replace 
the  oxyhffiraoglobin  solution  by  a  solution  of  picrocarmin. 

The  qnuntitative  estimation  ot  the  blood -coloring  matters  by 
means  of  the  spectroscope  may  be  done  in  different  ways,  but  at 
the  present  time  the  spectrophntomelric  method  is  chiefly  used,  and 
this  seems  to  be  the  most  reliable.  This  method  is  based  on  the 
fact  that  the  extinction  coefficient  of  a  colored  liquid  for  a  certain 
'  region  of  tbe  spectrum  is  directly  proportional  to  the  concentra- 
tion, so  that  C :  E  =  C,  '■  E,,  when  C  and  C,  represent  the  differ- 
ent concentrations  and  E  and  E  tbe  corresponding  coefficient  ot 

extinction.     From  the  equation  p,  =  ^i  it  follows  that  for  one  and 

the  same  coloring  matter  this  relation,  which  is  called  the  absorp- 
tion ratio,  muBt  be  constant.  If  tlie  absorption  ratio  is  represented 
by  A,  the  determined  extinction  coefficient  by  E,  and  the  concen- 
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tration  (the  amount  of  coloring  matter  in  grams  in  1  c.  c.)  by  C, 
then  C  =  A.  E. 

Different  appaiatue  have  been  coustnicted  (ViEBORDT  and 
IIufneb)  for  tiie  deter  mi  nation  of  the  extinction  coefficient  which 
is  equal  to  the  negative  logarithm  of  those  rays  of  light  which 
remain  after  the  padsage  of  tlie  light  through  a  layer  1  cm,  thick 
of  an  absorbing  liquid.  In  regard  to  these  apparatus  the  reader  is 
referred  to  other  test-books. 

As  control  ibe  exljiiclbu  coefficieDts  are  determmed  in  two  diffcreut 
regions  of  the  Bpeclrum.  na.me\j.  m&E  —  DUE  and  DUSB^JXiE.  The 
cousiauls  or  tbe  Hbaorptiou  ratio  for  iLese  two  regiODB  of  Ibe  spectrum  are 
desfguBted  by  HI'fbek  by  A  aott  A'.  Before  llie  dotermiNalUm  tbe  blood 
must  be  dthittrd  with  wal«r,  aud  if  llii'  pro|)ortioii  of  dilution  of  Ibi-  blood  b« 
^presented  by  V,  [Leu  Ibe  cod ctut ratio u  or  tbe  amouut  of  coloriug  matter  In 
1(K)  parts  of  tbe  uudihitcd  blood  is 

C=  100.  V.  A.  E    and 
t  =  100.  V.  A' .  B'. 

Tbe  BbBorp  in  al  o  o  tbe  coDSlants  in  the  two  above-men  I  ioned  regious 
of  tbe  spectrum  La  e  been  determfned  for  ox^biemoglobiu.  Lffiinoglobto. 
cai-bOD  mcniox  d    hxn    glob  u  aud  mctba?niog1obiLi. 

Tbe  tlgurea  f  b  bov  coloriug  oiatlers  obtuinird  from  cauitie  blood  are 
as  follows : 

Oityhwmoglobio J,  =  0.001830  aud  ilo'  =0.001000 

Hiemogloblo J,  =  0.001081    '■    .4^=0.001861 

Carlmu  monoxide  hsmoglobin  il,  =  OOUlliSO    "    ^,=0.001000 
MeibDemoglnhin .d„=  0.003690    "    A  J~  0.002798 

Tbe  qiiiiDtiiy  of  encb  coloring  matier  may  be  determined  in  ii  mixture  of 
two  blood -coloring  matters  by  this  method,  wbtch  Is  of  Bpecial  ImportaDtx  In 
tbe  determloatioD  of  tbe  quantity  of  oxyhnmoglol^ln  and  bicmoglobln  present 
111  blood  at  the  siime  time.  If  we  represent  by  £and  E'  tlie  exliuciion  co- 
efficients of  the  mixliire  in  the  above-mentioned  regions  of  Ibe  spectrum,  by 
At  and  ^n'and  At  and  A/  tbe  oonsianls  for  oxybwmoglobio  and  reduced 
bteinoglobiu,  nod  bj  T'the  degree  of  dilution  of  the  blood,  then  the  perceotagv 
of  oiy hemoglobin  //.,  and  of  (reduced)  hemoglobin  Br  is 


and 


ArA/(EA„--  EAo) 


Among  the  many  apparatus  constructed  for  clinical  purpoees 
tor  the  quantitative  estimation  of  hiemoglobin  the  btemometer  of 
Flbischl  is  to  be  preferred.  The  determination  by  this  apparatus 
is  made  by  comparing  the  color  of  the  blood  diluted  with  water 
with  tbe  color  of  a  wedge-shaped  movable  prism  of  rod  glass.  If 
the  blood  shows  the  same  color  as  the  glass  prism,  then  tbe  amount 
of  hfemoglobin  in  tbe  blood  may  be  directly  read  from  the  scale. 
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The  amount  of  bmnoglobin   is   expressed   as  percentage  of  the  <| 
physiological  amount  of  hasmoglobin. 

Hsny  other  coloriag  niatleni  are  round  beaEdes  the  oflen-occurrlog  luBino- 
globln  in  Ihe  blood  of  invenebra.  In  a  few  i(tucIid{cUb.  Crustacea,  gasl«rotiodB, 
anil  cepbalopudte  a  bod;  analoguUB  to  hemoglobia  coutaiuiug  c<)|>)ier,  Mm>o- 
eyiTu'n,  bas  been  found.  By  the  taking  up  of  looaely-bouud  oiygeii  thla  bodj 
Is  coDTcrted  lulo  blue  oxyltmnoeyanimV.  Bbrt,  FRifDERic<t.  KRUEKHBBRe, 
MaoMunn),  and  by  tbe  escape  uf  the  oxygvti  becomea  coloriesa  again.  A 
coloring  mailer  called  eMoroeruorin  by  Cakkestbr  Is  found  la  certain 
i.'ba:topi>i(e.  Ham*rythrin.  so  calletl  by  Krukenbeko  but  first  obserced  by 
BCHWALBE.  is  It  led  coloring  matter  From  a  few  gephyrea.  Besides  b«mo- 
cyuiiio  wc  flue!  iu  ibe  blora  of  certain  cnistaceii  ibe  red  coloring  mailer 
Ulroiteri/lArin  (Halliburton),  which  Is  also  widely  spread  iu  the  acimal 
kingdom.  Kchinoekrom,  go  named  by  MacMund,  ia  a  brown  coloring  matter 
occurring  in  Ihe  perlTiscerHl  Quid  of  a  variety  of  echinoderms. 

The  quantilaiive  congtitution  of  the  red  blood-corpuscles  ia 
difficult  to  determine  and  we. have  hardly  any  euiScieotly  trust- 
worthy analysoB  of  thorn.  The  amount  of  water  varies  in  different 
varieties  of  blood  between  570-630  p.  m.,  with  a  proportion^ 
amount,  430-370  p.  m.,  of  solids.  IQ  tbe  blood  of  mammalia  the 
chief  mass  (about  nine  tenths)  of  the  dried  substance  consists  of 
hssmoglobin. 

According  to  the  analyses  of  IIoppe-Seylbr  and  his  pupils,  the 
red  corpnscles  contain  In  U>UO  parts  of  tbe  dried  substance: 

BvmcvloblD.        Albumin.  Lroltliin       CholmleriD. 

Human  blood  .. .  868-843  133-51  7.S-S.;5  SO 

Dog                            865                 130  0.0  4.0 

Goose         "     6ST                   864  5.0  5,0 

Suake         '■....       487  525 

Of  special  interest  is  the  varying  proportion  of  the  haemo- 
globin to  the  albumiu  in  the  nucleated  and  in  the  non-nucleated 
blood -corpuscles.  These  last  are  much  richer  in  hsemoglobin  and 
poorer  in  albumin  than  the  others.  The  amount  of  mineral  bodies, 
as  far  as  they  hare  been  determined,  in  tbe  moist  corpuscles  is  4.8- 
8.9  p.  m.  The  chief  mass  cousiata  of  potasBium,  phosphoric  acid, 
and  chlorine.  The  blood -corpuscles  of  ox-blood  contain,  accord- 
ing to  BuNOE,  more  sodium  and  chlorine  than  phosphoric  acid  and 
potassium.  The  blood -corpuscles  of  the  pig  and  horse  contain  no 
sodium  (Bunob).  Human-blood  corpuscles  contain,  according  to 
Wanach,  about  five  times  as  much  potassium  as  sodium,  on  an 
average  3,99  p.  m,  potassium  and  0.75  p.  m.  sodium. 
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The  Colorless  Blood-corpascles  and  the  Blood- tableU. 

The  Colorleu  Blood  -  corpuBcles,  also  L-alled  Leucocytes  or 
Lymphoid  Cells,  which  occur  iu  the  blood  in  varying  forma  and 
eizea,  form  in  a  state  of  rcet  spherical  lumps  of  a.  sticky,  highly 
refractive  power,  capable  of  motion,  Qon-membranoua  protoplasm, 
which  show  1-4  nuclei  on  the  addition  of  water  or  acetic  acid.  In 
human  and  maminaliol  blood  they  are  larger  than  the  red  blood- 
corpuscles.  They  have  also  a  lower  specific  gravity  than  the  red 
corpuscles,  move  in  the  circulating  blood  nearer  to  the  walls  of  the 
Ysssel,  and  have  also  a  slower  motion. 

The  number  of  colorless  blood-corpuscles  varies  not  only  in  the 
different  blood-vessels,  but  also  under  different  physiological  con- 
ditions. As  an  average  we  have  only  1  colorless  corpuscle  for  350- 
500  red  corpuscles.  According  to  the  investigations  of  Alex, 
Schmidt  and  his  pupils,  the  leucocytes  are  destroyed  in  great  part 
— about  11^  in  the  blood  of  the  horse,  according  to  Hetl — on  the 
discharge  of  the  blood  before  and  during  coagulation,  so  that  dis- 
charged blood  ia  much  poorer  in  leucocytes  than  the  circulating 
blood.  The  correctness  of  this  statement  has  been  denied  by  other 
investigators. 

From  a  histological  standpoint  we  generally  distinguish  the 
different  kinds  of  colorless  blood-corpusclea ;  chemically  considered, 
however,  there  is  no  known  essential  difference  between  them. 
With  regard  to  their  importance  in  the  coagulation  of  fibrin 
Alex.  Schmidt  and  his  pupils  distinguish  between  the  leucocytes 
which  are  destroyed  by  the  coagulation  and  those  which  arc  not. 
The  last  mentioned  are  colored  quickly  by  carmine  and  give  vrith 
alkalies  or  common-salt  solutions  a  slimy  mass;  the  first  do  not 
ehow  such  behavior. 

The  protoplasm  of  the  leucocytes  has  during  life  amroboid 
movements  which  partly  make  possible  the  wandering  of  the  cells 
and  partly  the  taking  up  of  smaller  grains  or  foreign  bodies 
within  the  same.  On  these  grounds  the  occurrence  of  myosin  in 
them  has  been  admitted  even  without  any  special  proof  thereof. 
Alex.  ScnmDT  found  serum  globvlin  in  equine-blood  leucocjtea 
which  had  been  washed  with  ice-cold  water.  There  are  also 
t  least  certain  leucocytes  which  yield  a  slimy  mu^  when  treated 
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with  iilkalies  or  NaCl  solutions,  wliich  seem  to  be  identical  with 
the  80-cailed  hyaline  substance  of  Rovida  found  in  the  pus-cells. 
On  digesting  the  leucocytes  with  water  a  solution  of  a  proteid  body 
is  obtained  which  can  be  precipitated  by  acetic:  acid  and  which  is 
not  soluble  in  un  excess  of  the  acid  (Schmidt  and  Rauschek- 
BACH,  Wooldhidge).  Tills  proteid  substance,  designated  "  lytnph- 
fibrinogen  "  by  Wooluridge,  when  obtained  from  certain  leucocytw 
(but  not  from  others)  has  a  powerful  actiou  on  the  coagulalion  of 
fibrin.  An  important  constituent  of  the  colorless  corpuscles  is, 
according  to  Alex.  Schmidt,  the  ^6ri»  ferment  or  perhaps  more 
correctly  a  mother-substance  of  the  same,  a  zymogen.  In  the 
destruction  of  the  colorless  corpuscles  the  fibrin  ferment  is  set  free 
and  serum  globulin  also  passes  into  the  plasma  at  the  same  time. 
Hallibckton  has  isolated  two  globulins  and  one  albumin  (ses 
page  42)  from  the  leucocytes  of  the  lymphatic  glands,  besides  Rovi- 
DA's  hyaline  substance,  and  albumoses  and  peptones  as  post-mortem 
products. 

Among  the  other  constituents  of  the  pale  corpuscles  we 
must  meution  glycogen,  which  occurs  in  the  living  but  not  in  the 
dead  cell,  hdthin,  protugon  (?),  and  cholesterin.  The  nucleus 
consists  without  doubt  of  nuclein.  The  mineral  constituents  are 
probably  the  same  as  in  the  pus-cells  (see  Chapter  V), 

The  above  statements  in  regard  to  the  constituents  of  the  leuco- 
cytes cover  not  only  the  pale  blood-corpuscles,  but  also  the  leuco- 
cytes of  the  lymphatic  glands.  The  leucocytes  of  the  blood  are 
considered  as  cells  pierced  from  the  outside,  and  it  is  probably  the 
correct  view  because  we  know  of  no  specific  chemical  properties 
or  constituents  in  the  leucocytes  of  the  blood  which  differ  from 
those  of  other  leucocytes. 

The  blood-tablets  iBizzozero's),  whose  nature  and  physiological 
importance  have  been  much  questioned,  are  pale,  colorless,  gummy 
diricB,  round  or  more  oval  in  shape  and  generally  with  a  diameter 
two  or  three  times  smaller  than  the  red  blood -corpuscles.  Their 
number,  according  to  Fdsari.  in  healthy  persons  is  180,000-260,000 
in  1  cmm.  Certain  investigators,  for  example  Bizzozeko, 
ScHTMUGLBL'SCH,  and  Laker,  claim  that  the  blood-tablets  occur 
preformed  in  the  circulating  blood,  while  others,  for  instance 
LowiTand  Wooldbidbe,  deny  this.     Other  investigators  (Hlava) 
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claim  that  they  may,  at  least  in  part,  be  formed  from  the  colorless 
blood-eorpuBClea,  while  LowiT  claims  that  they  are  formed  by  the 
withdrawal  of  globulin  eubstaiice  from  the  white  blood-corpuecles. 
BizzozERu  and  several  other  inveBtigators  consider  the  blood-tablets 
as  the  starting-point  for  the  coagulation  of  the  blood,  while  Alex, 
Schmidt's  pupils  deny  this.  Lowit  claims  that  the  blood-tablets 
are  formed  from  globulio  enhstance,  and  has  therefore  given  them 
the  name  globulin  tablets.  The  relationship  of  these  blood-tablets 
to  the  fibrin  coagulation  will  be  spoken  of  shortly. 

III.  The  Blood  as  a  Mixture  of  Plasma  and  Blooa^ 
corpuscles. 

The  blood  in  itself  is  a  thick,  sticky,  lighter  or  darker  red  opaque 
liqnid  having  a  salty  taste  and  even  in  thin  layers  a  faint  odor  dif- 
fering in  different  kinds  of  animals.  On  the  addition  of  sulphuric 
aoid  to  the  blood  the  odor  is  more  pronounced.  In  adult  human 
beings  the  specific  gravity  averages  1,055,  ranging  between  1.045 
and  1.075.  According  to  8ouGRRE>fziss  the  fostal  blood  has  a  lower 
specific  gravity  than  the  blood  of  grown  persona.  Lloyd  E,  Jones 
found  that  the  specific  gravity  is  highest  at  birth  and  lowest  in 
children  when  abont  two  years  old  and  in  pregnant  women. 

The  reaction  of  the  blood  is  alkaline.  The  amount  of  alkali, 
calcniated  aa  Na,COs,  is  in  the  dog  about  2  (Zontz),  in  rabbits 
about  3.5  (Lassar),  and  in  man  3.38-3.90  p.  m.  (v.  Jaksch). 
The  alkaline  reaction  diminishes  outside  of  the  body,  and  indeed 
the  more  quickly  the  greater  the  original  alkalinity  of  the  blood. 
This  depends  on  the  formation  of  acid  in  the  blood,  in  which  the 
red  blood- corpuscles  seem  to  take  part  in  some  way  or  another. 
After  excessive  mascular  activity  the  alkalinity  is  diminished  on 
acconnt  of  the  formation  of  acid  in  the  muscles,  and  it  is  also 
decreased  after  the  continuous  use  of  acids  (Lassar). 

The  color  of  the  blood  is  red— light  scarlet-red  in  the  arteries  and 
dark  bluish-red  in  the  veins.  Blood  free  from  oxygen  is  dichroitic, 
dark  red  by  reflected  light,  and  green  by  transmitted  light.  The 
blood-coloring  matters  occur  in  the  blood -corpuscles.  For  this 
reason  blood  is  opaque  in  thin  layers  and  acts  as  a  "deckfarbe." 
If  the  hseraoglobin  is  removed  from  the  stroma  or  dissolved  from 
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the  blood-liqnid  by  aiiy  of  the  above-mentioned  means  {aee  page  66) 
the  blood  becomea  transparent  and  acta  then  like  a  ■■  lacfarbe." 
Lese  light  is  now  reflected  from  its  interior,  and  this  latter  blood 
is  therefore  darker  iii  thicker  layers.  Ou  the  addition  of  salt 
soiutiouB  to  the  blood-corpu utiles  they  shrink  and  more  light  is 
reflected  and  the  color  appears  lighter.  A  great  abundance  of  red 
corpoBclee  makee  the  blood  darker,  while  by  diluting  with  serum  or 
by  a  greater  abundance  of  white  corpusolcB  the  blood  becomes 
lighter  in  appearance.  The  different  colors  of  arterial  and  of  ven- 
ous blood  depend  on  the  varying  quantity  of  gas  contained  in  these 
two  varieties  of  blood,  or  better  on  the  different  amounts  o(  oxy- 
hemoglobin and  hemoglobin  they  contain.  The  reason  for  the 
different  ooloru  of  these  two  varieties  of  blood  bas  been  attributed 
in  part  to  the  unequal  forms  of  the  blood-corpuscles.  In  the  arterial 
blood  the  blood-corpuscles  are  considered  as  more  biconcave  and 
therefore  reflect  the  light  more  than  in  the  venous  blood  {IlABLBsa). 
These  statements  do  not  coincide  with  later  InveBtigatinns. 

The  most  striking  property  of  blood  consists  in  its  coagulating 
witliin  a  shorter  or  longer  time,  bnt  a8  a  rule  very  shortly  after 
leaving  the  vein.  Different  kinds  of  blood  coagulate  with  vary- 
ing rapidity;  in  human  blood  the  first  marked  sign  of  coagnlation 
is  seen  in  'Z-'i  minutes,  and  within  7-8  minutes  the  blood  is  thor- 
oughly converted  into  a  gelatinouB  ma.ss.  If  the  blood  is  allowed 
to  coagalate  slowly,  the  red  corpuscles  have  time  to  settle  more  or 
less  before  the  coagulation,  and  the  blood-clot  then  shows  an  upper. 
Urge,  yellowiah-gray  or  reddish-gray  layer  consisting  of  fibrin  en- 
closing chiefly  colorless  corpuscles.  This  layer  has  been  called 
erusta  inftammatoria  OT  phlogintica,  because  it  has  been  especially^ 
observed  in  inflammatory  processes,  and  is  consider 
charaoteristicB  of  them.  This  erusta  or  "  huffy  coat "  is  not  char- 
acteristic of  any  special  disease,  and  it  occurs  chiefly  when  the  blood 
coagulates  slowly  or  when  the  blood -corpuscles  settle  more  (gnickly 
than  usual.  A  huffy  coat  has  been  observed  often  in  the  alow 
coagulation  of  equine  blood.  The  blood  from  the  capillaries  is  not 
supposed  to  have  the  power  of  coagulating. 

Coagulation  is  retarded  by  cooling,  by  diminishing  the  oxygen 
and  increasing  the  amount  of  carbon  dioxide,  which  is  the  reason 
that  venoQS  blood  and  to  a  much  higher  degree  blood  after  asphj^z- 
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iation  coagnlatcs  more  slowly  than  arterial  blood.  The  coagalation 
may  be  retarded  or  prevented  by  the  addition  of  acids,  alkalies,  or 
amjQonia,  even  in  small  quantities  ;  by  concentrated  soIutionB  of 
neutral  ealts  or  alkalies  and  alkaline  earths;  also  by  egg-albamiu, 
solutions  of  sugar  or  gum,  glycerin,  or  much  water;  also  by  receiv- 
ing the  blood  in  oil.  The  coagulation  may  be  prevented  by  the  in- 
jection of  an  albumose  solution  or  by  an  infusion  of  the  leech  into 
the  circulating  blood,  but  this  infusion  of  the  leech  acts  in  the 
same  way  on  blood  just  expelled.  The  coagulation  may  be  facil- 
itated by  raising  the  temperature;  by  contact  with  foreign  bodies, 
to  which  the  blood  adheres  ;  by  stirring  or  beating  it ;  by  admiseion 
of  air;  by  diluting  with  very  small  amounts  of  water;  by  the  ad- 
dition of  platinum-black  or  finely-powdered  carbon ;  by  the  addition 
of  lac-colored  blood,  which  does  not  act  by  the  presence  of  dissolved 
blood-coloring  matters,  but  by  the  stromataof  the  blood-corpusclea 
(Wooi-DBIDGB,  Nucb),  and  also  by  the  addition  of  the  leucocytes 
from  the  lymphatic  glands,  or  a  watery  saline  extract  of  the  lymph- 
atic glands,  testicles,  or  thymus.  The  active  constituent  of  such  a 
watery  extract  is,  according  to  Wooldridob,  an  albuminous  body 
containing  lecithin,  which  he  calls  tisnue  fibrinogen. 

An  important  qncstion  to  answer  ia  why  the  blood  remains 
fluid  in  the  circulation  while  it  quickly  coagulates  when  it  leaves 
the  circulation. 

When  the  blood  leaves  the  vein  it  comes  nnder  new,  abnormal 
conditions.  It  cools  off,  it  comes  in  contact  with  the  air,  its 
motion  stops,  and  it  is  deprived  of  the  influence  of  the  living 
walla  of  the  vessels.  That  the  cooling  is  not  the  reason  of  the 
coagulation  is  proved  by  the  fact  that  cooling  is  a  good  means  of 
retarding  coagulation.  That  the  contact  with  air  is  not  essential 
Is  shown  by  the  fact  that  when  blood  is  collected  over  mercury,  so 
that  it  cannot  absorb  or  expel  any  gas,  it  likewise  coagulates. 
That  the  ceaaation  of  the  motion  does  not  cause  the  coagulation 
follows,  since  blood  collected  over  mercury  coagulates  whether  it  is 
shaken  or  not,  and  further  from  the  fact  that  motion,  such  as 
bentlng  the  blood,  facilitates  the  coagulation. 

The  rejison  why  blood  coagulates  on  leaving  the  body  is  there- 
lore  to  be  sought  for  in  the  influence  which  the  walls  of  the  liTing 
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and  entire  blood-vosBels  exert  npon  it.  These  viewB  are  derived 
from  the  observations  of  many  investigators.  From  the  observa- 
tions of  Hewson,  L18TEK,  and  FREKEiiicy  it  ia  known  that  when  I 
a  vein  fall  of  blood  is  tied  at  the  two  l'uiI^  and  removed  from  the  1 
body,  the  blood  may  remain  fluid  for  a  long  time.  BKijcKB  allowed  j 
the  heart  removed  from  a  tortoise  to  beat  at  0°C.,  and  found  that  | 
the  blood  remained  uncoagulated  for  some  days.  The  blood  froni'l 
another  heart  quickly  coagulated  when  collected  over  mercury.  In  | 
a  dead  heart,  as  also  in  a  dead  blood-vessel,  the  blood  soon  coagu- ' 
lates,  and  also  when  the  walls  of  the  vessel  are  changed  byl 
pathological  processes. 

What  then  is  the  influence  which  the  walls  of  the  vessels  exert  on 
the  liquidity  of  the  circulating  blood  ?  Freund  has  found  that 
the  blood  remains  fluid  when  collected  by  means  of  a  greased 
cauula  under  oil  or  in  a  vessel  smeared  with  vaseline.  It  the  blood 
collected  in  a  greased  Vessel  be  beaten  with  a  glass  rod  previously 
oiled,  it  does  not  coagulate,  but  it  quickly  coagulates  on  beating  it 
with  an  unoiled  glass  rod  or  when  it  is  poured  into  a  vessel  not 
greased.  The  n  on -coagulability  of  blood  collected  under  oil  haa  , 
been  confirmed  later  by  Hayckaft  and  Cakijer.  Freund  found 
on  further  investigating  that  the  evaporation  of  the  upper  layers  of 
blood  or  their  contamination  with  small  quantities  of  dust  causes 
a  coagulation  even  in  a  vessel  treated  with  vaseline.  According 
to  Freund,  it  is  this  adhesion  between  the  blood  or  between  its 
form-elements  and  a  foreign  substance — and  the  diseased  walla 
of  the  vessels  also  act  as  such — that  gives  the  impulse  towards 
coagulation,  while  the  lack  of  adhesion  prevents  the  blood  from 
coagulating.  This  adhesion  of  the  form-elements  of  the  blood 
to  certain  foreign  substances  seems  to  induce  changes  which 
apparently  stand  in  a  certain  relationship  to  the  coagulation  of 
the  blood. 

That  view  of  the  coagulation  of  the  blood  which,  with  a  few 
modifications,  is  accepted  by  most  investigators  is  the  theory  pro- 
posed by  Alexander  Suhmiot  and  the  Dorpat  School.  Accord- 
ing to  Ales.  Schmidt,  who  of  all  investigators  has  done  most  to 
elucidate  this  subject,  an  abundant  destruction  of  the  colorless  blood- 
corpuscles  takes  place  in  coagulation,  and  from  this  not  only  the 
fibrin  ferment  results,  but  also  serum  globulin  and  fibrinogen,  whioh 
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of  Beparated  fibrin  under  the  circumstanceB  may  be  increased,  but 
pure  Berum  globulin  prepared  from  transudation  free  from  enzymea 
ia  inactive.  The  same  action  on  the  amount  of  dbrin  separated 
which  the  impure  serum  globulin  shows  also  oucufB  by  the  action 
of  the  Bubstance  precipitated  by  acetic  acid  (rom  a  watery  extract 
of  the  leucocytes  of  the  lymphatic  glands.  This  substance,  which 
is  neither  identical  with  serum  globulin  nor  contaminated  by  it, 
may,  according  to  Schmidt  aud  KACscHENBicH,  increase  the 
amonnt  of  fibrin  in  filtered  plaema  about  25^.  Finally,  a  fibrinogen 
solution  free  from  serum  globulin,  and  a  fibrin  ferment  solution 
also  free  from  serum  globulin,  may  yield  a  typical  fibrin  (AcTHoa). 
It  is  therefore  hardly  possible  to  accept  this  part  of  Schmidt's 
theory.  It  la  much  more  probable  that  the  impure  serum  globulin 
furthers  the  separation  of  the  fibrin  indirectly,  in  the  same  way  as 
CaCl,  (Author)  and  the  lime  salts  in  general  (Gueen,  KKuaBB). 
It  ia  a  fact  that  a  typical  fibrin  is  formed  from  fibrinogen  alone  in 
the  presence  of  fibrin  fermeut  aud  mineral  bodies  (alkali  chlorides 
and  lime  aalts). 

In  regard  to  the  importance  of  the  colorleBs  blood -corpascles  in 
the  coagulatiou  of  the  blood  opinions  are  somewhat  diverse.  Ac- 
cording to  BizzozERO  and  others,  it  is  not  the  colorless  blood- 
corpoBcles  but  the  blood -tablets  which  represent  the  starting-point 
for  the  formation  of  fibrin,  a  view  against  which  weighty  objec- 
tions have  been  urged  by  Lowit  and  others.  Wooliiridob  also 
considers  the  colorless  blood-corpuscles  as  only  of  secondary  im- 
portance. As  found  by  him,  a  peptone-plasma  which  has  been 
freed  from  all  form-constituents  by  centrifugal  force  yields  large 
quantities  of  fibrin  when  it  is  not  separated  from  a  substance 
which  precipitates  by  cooling  and  which,  on  microscopical  exami- 
nation, is  very  similar  to  Bizzozbro'h  blood -tab  lets,  Neverthe- 
lesa,  OS  LowiT  has  found  that  homogeneous  drops  may  exude  from 
the  white  blood-corpuscles  before  the  coagulation  which  take  a 
form  similar  to  tablets,  it  is  probable  that  the  substance  observed 
by  WooLliRlROB  which,  on  cooling,  separates  as  a  formation 
aimilar  to  tablets  originates  from  the  colorless  blood -corpuscles. 
That  a  coagulation  without  a  destruction  of  the  colorless  blood- 
oorpuscles  may  take  place  has  l>een  ol early  demonstrated  by 
XiOWiT,  who,  however,  does  not  dispute  the  importance  of   the 
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coIorlesB  blood-corpascles  in  the  coagulation.  On  the  contrary,  he 
has  obaerved  that  in  crab's  blood  a  so-called  "  plasmoHchise,"  which 
la  the  exit  of  constituents  of  the  celU  in  the  plasma,  takes  place 
before  the  coagulation,  and  this  process,  he  claims,  stands  in  close 
relationship  to  the  coagulation  of  the  blood.  If  we  do  not  ^ve  too 
much  weight  to  the  destrnction  of  the  leucocytes, — and  we  adroit 
as  most  essential  this  part  of  Schmidt's  theory  that  the  impulse  to 
the  coitgiilatiou  comes  from  the  colorless  blood -corpuscles,  and  that 
the  Donstituenta  of  the  same,  passing  into  the  plasma,  take  part  in 
the  coagulation, — then  Schmidt's  theory  is  not  disproved  by  the 
investigations  of  the  last  years,  but  it  is  even  8upi>orted  by  them. 

Id  opposition  to  the  view  of  Alex.  Scumidt,  who  considers 
the  fibrin  coagulation  as  an  enzymotic  process,  Wooldkidob  is  of 
the  opinion  that  the  fibrin  ferment  is  not  the  cause  of  the  coagu- 
lation, but  is  a  product  of  the  chemical  processes  taking  place 
during  coagulation.  Wooldridoe  claims,  on  the  contrary,  that 
lecithin  and  proteid  substances  containing  lecithin  are  of  the 
greatest  importance  in  the  coagulation.  This  product  is  obtained 
by  cooling  the  peptone- pi  as  ma  which  has  been  centrifu  gated,  and 
the  subfltance  which  separates  has  been  called  by  Wooldbidge 
.d- fibrinogen.  The  plasma,  according  to  Wooldbidge,  contains 
in  itself  all  qualities  necessary  to  produce  a  coagulation,  and  the 
form-elo merits  arc  only  of  a  secondary  importance.  Peptone-plasma 
which  has  been  contrifngated  and  which  is  entirely  free  from  form- 
elements,  but  contains  the  .^-fibrinogen,  coagulates  on  diluting 
with  water,  by  the  passage  of  carlwn  ilioxide  through  the  liquid,  or 
after  the  addition  of  a  little  acetic  acid,  and  the  fibrin  ferment  is 
thereby  formed.     Wooldbidge  designates  as  6'-fibrinogen  the  ordi- 

I  nary  fibrinogun  isolated  by  the  method  suggested  on  page  56.  This 
fibrinogen  occurs  indeed  in  transudations,  but  it  only  occnrs  in  the 
{wptone- plasma  in  very  small  quantities.  A  third  fibrinogen 
octcurs  in  the  greatest  amounts  in  the  peptone-plasma,  and  this  is 
the  mother-substance  of  the  P-fibrinogen,  and  called  fi-fibrinogen 
by  WooLDRiDflE.  The  B-flbrinogen  is  converted  into  fibrin  by 
lecithin   and  leucocytes  from  the  lymphatic  glands,  but  not  by 

^fibrin  ferment  or  blood-serum.     After  the  previous  action  of  serum 
:  fibrin  ferment  the  B-fibrinogen  yields  fibrin  on  diluting  with 
The  one  most  essential  for  the  fibrin  coagulation  is,  ac- 
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cording  to  Wooldridge,  a  reciprocal  action  between  A-  and  B- 
fibrinogen.  An  e.Tchange  of  lecithin  from  the  j4-fibrinogen  to  the 
if-fibrinogen  takes  place. 

Halliburton  has  opposed  weighty  argnmentB  to  thia  theory. 
It  is  also  difficult  to  find  in  Wooldridde's  discu§sioQ  concluBiTO 
proofs  for  the  above  views,  and  the  experiments  by  which  they  are  J 
supported  are  interpreted  with  difficulty.  The  entire  theory  ibM 
chiefly  baaed  on  experiments  with  "peptone-plaama;"  but  such  i 
plasma  acts  differently  in  certain  respeeta  than  ordinary  plasma. 
It  should  be  especially  mentioned  that,  while  ordinary  plasma  and 
an  ordinary  fibrinogen  solution  act  similarly  on  heating,  the  pep- 
tone-plasma shows  quite  diSereut  behavior.  The  peptone-plasma 
when  dilnted  with  water,  or  on  passing  CO,  through  it,  or  on  the  ad- 
dition of  a  little  acid,  also  acts,  when  the  so-called  .4-fibrinogen  has 
not  been  removed,  like  a  plasma  in  which  the  ordinary  fibrinogen 
(C-fibrinogen)  has  been  partly  converted  into  an  intermediate  step 
between  fibrinogen  and  fibrin.  Until  the  ditfereucea  existing  be- 
tween ordinary  plasma  and  peptone -plasm  a  shall  have  been  more 
thoroughly  tested  and  generally  accepted  it  will  be  difficult  to  give 
an  unambiguous  interpretation  of  observations  made  on  peptone- 
plasma. 

Frel'ND  seeks  the  reason  for  the  coagulation  in  a  separation 
of  calcium  phosphate  whereby  a  part  of  the  previously-dissolved 
albuminous  bodies  becomes  insoluble  as  fibrin.  By  the  adhesion 
existing  before  the  coagulation  the  alkali  phosphate  of  the  form- 
elements  passes  over  to  the  plasma  richer  in  lime  salts  and  forms 
calcium  phosphate.  If  the  amount  of  this  last  is  so  large  in  the 
plasma  or  any  other  coagulable  liquid  that  it  cannot  be  kept  com- 
pletely in  solution,  then,  according  to  Fheund'b  views,  the  separa- 
tion of  the  excess  is  the  cause  of  a  part  of  the  albuminous  bodies 
becoming  insoluble,  or,  in  other  words,  is  the  cause  of  the  coagula- 
tion. It  is  a  well-known  fact  that  fibrin  and  fibrinogen  yield  an 
ash  containing  calcium  phosphate,  and  that  lime  salts  facilitate 
coagulation  or  cause  a  coagulation  in  liquids  poor  in  ferment;  and 
it  is  also  well  known  that  rennet  ferment  cannot  eanse  a  coagula- 
tion in  a  casein  solution  if  there  is  a  lack  of  lime  salts.  There  is 
no  question  about  the  lime  salts  being  of  great  importance  in  the 
fibrin  coagulation;  but  that  a  separation  of  calcium  phosphate  is 
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the  cauBe  of  coagnlation  has  been  just  as  little  proved  as  the  asser' 
tion  that  the  coagulation  of  milk  in  the  preparation  of  cheese  is 
produced  by  the  caloium  phosphate  becoming  iuBoluble  without 
the  action  of  the  rennet  ferment  on  the  caeein.  The  untenability  ■ 
of  i'KEUND's  theory  has  been  shown  by  Latschenbergee. 

According  to  Dogiel  and  Hoi.ZMann,  the  coagulation  of  the 
fibrin  ia  an  oxidation  of  the  fibrJBOgon.  The  relation  of  oxygen  to  the 
loagiilation  is  not  quite  clear;  a  certain  influence,  however,  on  the 
coagulation  cannot  be  denied.  But  as  the  coagulation  may  take 
place  alao  in  the  absence  of  free  oxygen,  the  above  statement  seems 
not  lo  be  well  grounded. 

The  very  dark  and  complicated  process  of  the  intravascular 
coagulation  and  the  relationship  of  the  so-called  tissue  flbrinogea 
(Wooi.dbidge)  to  the  same  have  been  so  lusufBciently  studied  that 
we  cannot  enter  here  into  a  disouBsion  of  this  interesting  question. 

IV.  The  Gases  of  the  Blood. 

Since  the  pioneer  investigations  of  Maonus  and  Lothak 
Meter  the  gases  of  the  blood  have  been  subjects  for  repeated,  care- 
ful investigations  by  prominent  experimenters,  among  whom  we 
must  mention  first  C.  Lunwm  and  his  pupils  and  E.  FPLtiGBB 
and  his  school.  By  these  investigations  not  only  has  science  been 
enriched  by  a  mass  of  facts,  but  also  the  methods  themselves  have 
been  made  more  perfect  and  accurate.  In  regard  to  these  methods, 
as  also  in  regard  to  the  laws  of  the  absorption  nf  gases  by  liquids, 
ilissociatiou.  and  other  questions  belonging  here,  the  reader  is 
referred  to  complete  text-hooka  on  physiology,  on  pbysics,  and  on 
gasometric  analysis. 

The  gases  occurring  in  blood  under  physiological  conditions  are 
oxygen,  carbon  dioxide,  and  nitrogen.  The  last-mentioned  gaa  is 
only  found  in  very  small  amounts,  on  an  average  of  1.8  vol.  per  cent. 
The  amount  is  here,  as  in  all  following  experiments,  calculated  for 
0°  0.  and  "60  mm.  pressure.  The  nitrogen  seems  to  he  simply  ab- 
sorbed into  the  blood,  at  least  in  great  jiart.  It  appears  to  jilay  no 
part  in  the  processes  of  life,  and  its  amount  VHries  but  slightly  in 
the  blood  of  different  blood-vessels. 

The  oxygen    and   carbon  dioxide  behave  otherwise,  as  their 
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aroonuta  have  significant  variationB,  not  only  iu  the  blood  from 
different  hlood-v easel b,  but  also  because  many  conditions,  ttuch  tia  4 
difference  in  the  circulation,  a  different  temperature,  reet  and  ac- 
tivity, cause  a  change.  The  arterial  and  vodous  blood  show  the 
greatest  difference  in  regard  to  the  gases  they  contain.  _ 

The  amount  of  o-xygen  in  the  arterial  blood  of  dogs  is  on  an 
averuge '■^''i  vols,  percent  (Pfluoek).  In  human  blood  Setschenow 
found  about  the  same  amount,  namely,  21. ti  vols,  per  cent.  Lower 
figures  have  been  found  for  rabbit's  or  bird's  blood,  respectively 
\^.Z%  and  10-15*  (Walter,  Jolyet).  Venous  blood  has  very  vari- 
able amounts  of  oxygen,  Li'iiwiG  and  Sczelkow  found  6.8;f  oxy- 
gen in  the  venous  blood  of  quiet  muscles  and  a  still  smaller  amount 
in  the  venous  blood  of  active  muscles.  Oxygen  is  entirely  absent 
from  blood  after  asphyxiation,  or  only  occurs  as  traces.  The  venous 
blood  of  the  glands  seems,  on  the  contrary,  during  secretion  to  be 
richer  in  oxygen  than  ordinary  venous  blood.  By  summarizing  a 
great  number  of  analyses  by  different  experimenters,  Zuktz  has 
calculated  that  the  venous  blood  of  the  right  side  of  the  heart  cou- 
taine  on  an  average  7.15*  less  oxygen  than  the  arterial  blood. 

The  amount  of  carbon  dioxide  in  the  arterial  blood  of  dogs  is 
30  to  40  vols,  per  ceut  (Ludwiq,  Setschenow,  Pflcjoer,  P.  Bert, 
and  others),  moat  generally  about  40*.  Setbchenow  found  40.3 
vols,  per  cent  in  human  arterial  blood.  The  amount  of  carbon 
dioxide  in  venous  blood  varies  still  more  (LiiDwiri,  Pflijgee  and 
their  pupils,  P.  Best,  Mathiec  and  Ukbaix,  and  others).  Accord- 
ing to  the  calculations  of  Zuktz  the  venous  blood  of  the  right  side 
of  the  heart  contains  about  8.2*  more  carbon  dioxide  than  the 
arterial.  The  average  amount  may  be  put  down  as  48  vols,  per  cent. 
HoLMOREN  found  indeed  in  blood  after  asphyxiation  69,21  vols, 
per  cent  carbon  dioxide. 

Ox^'gen  is  absorbed  only  to  a  small  extent  by  the  plasma  or 
eernm,  in  which  Pfluger  found  but  0.26*.  The  greater  part 
or  nearly  all  of  the  oxygen  is  loosely  combined  with  the  h»mo- 
globin  in  o-tyhagmoglobin.  The  quantity  of  oxygen  which  is  con- 
tained in  the  blood  of  the  dog  corresponds  closely  to  the  quantity 
which  we  would  expect  from  the  activity  of  the  hcemoglobia 
to  combine  with  oxygen,  and  also  the  quantity  of  htemoglobin  ia 
o&nine  blood.     It  is  difficult  to  ascertain  bow  far  the  ciroolating 
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Arterial  blood  is  saturated  with  oxygen,  as  immediately  after  bleed- 
ing a  loss  of  oxygeD  always  takes  place.  Still  it  seema  to  be  ud- 
queetionable  that  it  is  not  quite  completely  saturated  with  oxygen 
in  liie.  Arterial  canine  blood,  according  to  pFLtJoER,  is  saturated 
to  ^  with  oxygen,  according  to  IIufnbh  to  \\. 

ThequestioD  whether  ozone  occnrs  in  the  blood  is  to  be  answered 
decidedly  in  the  negative.  It  is  not  only  impossible  to  detect  ozone 
in  the  blood,  but  the  possibility  of  the  occurrence  of  ozone  in  the 
fluids  and  tissues  is  even  a  priori  to  be  denied.  Ozone  acts  as  nascent 
oxygen;  and  as  easily-oxidized  substances  occur  in  the  organism 
which  combine  with  nascent  oxygen,  ozone,  if  such  a  formation 
should  take  place  at  all,  would  be  destroyed  instantly.  But  such  a 
formation  of  ozone  in  the  animal  body  cannot  be  admitted.  Ozone 
may  indeed  be  formed  by  slow  oxidation,  since  the  nascent  oxygen 
formed  in  consequence  combines  with  neutral  oxygen  forming 
ozone;  but  in  the  animal  organism  the  nascent  oxygen  must  be 
bound  by  the  oxidized  substances  before  it  can  form  ozone. 

It  was  formerly  believed  that  the  haemoglobin  acted  as  an 
"  ozone-exciter,"  possessing  the  property  of  converting  the  inactive 
oxygen  of  tlie  air  into  ozone.  The  red  blood-corpuscles  can  by 
themselves  also  give  a  blue  color  with  tincture  of  gnaiacum,  which 
is  markedly  seen  when  this  tincture  is  dried  on  blotting-paper  and 
a  drop  of  blood  previously  diluted  with  5-10  vols,  water  is  added. 
According  to  pFLcr.EK,we  are  hero  dealing  with  a  decomposition 
and  gradual  oxidation  of  haemoglobin,  in  which  processes  the  neu- 
tral oxygen  is  split,  setting  free  oxygen  atoms. 

The  carbon  dioxide  of  the  blood  occurs  in  part,  and  indeed,  ac- 
cording to  the  investigations  of  Ales.  Schmidt  and  L.  Fbedericq, 
generally  i  in  the  blood- corpuscles,  and  it  also  occurs  in  part,  and 
in  fact  the  greatest  part,  in  the  plasma  and  seram  respectively.  Of 
the  carbon  dioxide  in  the  form-elements  a  small  part,  according  to 
8ETBCHEN0W,  ocDurs  in  the  colorless  corpuscles  (probably  combined 
with  tlie  globulin  alkali),  while  the  chief  mass  exists  in  the  red 
blood  -co  rpu  scles  ■ 

The  carbon  dioxide  of  the  red  eorpuacles  is  loosely  combined,  and 
the  constituent  uniting  with  the  CO,  of  the  same  seems  to  be  the 
itlkali  combined  with  phosphoricacid,  oxyhemoglobin  or  hemoglobin 
and  globulin  on  one  side  and  the  hsemoglobin  itself  on  the  other. 
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That  io  tbe  red  corpuscleB  alkali  phoephate  occnrs  in  Buoh  quanti- 
ties that  it  may  be  of  importatice  Id  ths  combination  with  carbon 
dioxide  is  not  to  be  doubted,  and  we  must  admit  that  from  tbe 
diphosphate,  by  a  greater  parti:il  pressure  of  tbe  carbon  dioxide, 
monophosphate  and  alkali  carbonate  are  formed, while  by  a  lower  par- 
tial pressure  of  the  carbon  dioxide  the  mass  action  of  the  phosphoric 
acid  comes  again  into  play,  so  that  with  tbe  carbon  dioxide  becom- 
ing free,  a  re-formation  of  alkali  diphosphate  takes  place.  It  is 
generally  admitted  that  the  blood-coloring  matters,  especially  the 
oxyhemoglobin,  which  can  expel  carbon  dioxide  from  sodium  car- 
bonates in  i'acuo  (Pkbveh),  act  like  an  acid ;  and  as  the  globulin  also 
acts  like  an  acid  {see  below),  this  body  may  also  occnr  in  the  blood- 
corpuscles  as  alkali  combination.  The  alkali  of  the  blood -corpuscles 
must  therefore,  according  to  the  law  of  the  action  of  the  mass  be- 
tween the  carbon  dioxide,  phosphoric  acid,  and  the  others,  be  con- 
sidered as  active  aoid  constituents  of  the  blood-corpuscles,  and  among 
these  especially  the  blood-coloring  matters,  as  the  globulin  can 
hardly  be  of  importance  because  of  its  smalt  quantity.  By  greater 
mass-action  or  greater  partial  pressure  of  the  carbon  dioxide,  bicar- 
bonate must  be  formed  at  the  expense  of  (he  diphosphates  and  the 
other  alkali  combinations,  while  at  a  diminished  partial  pressure  of 
the  same  gas,  with  the  escape  of  carbon  dioxide,  the  alkali  diphos- 
phate and  the  other  alkali  combinations  must  be  re-formed  at  the 
cost  of  the  bicarbonate. 

Ueemoglobin  must  nevertheless,  as  the  investigations  of  Sbt- 
SCHENOvr  and  Zuntz  and  especially  those  of  Bohb  and  Torup 
have  shown,  bo  able  to  hold  the  carbon  dioxide  loosely  combined 
even  in  the  absence  of  alkali.  Bohr  has  also  found  that  the  dis- 
sociation curve  of  the  carbon-dioxide  hemoglobin  corresponds 
eesenttally  to  the  curve  of  the  absorption  of  carbon- dioxide,  from 
which  ground  he  and  Torup  consider  the  hjeraoglobin  itself  as 
of  importance  in  the  binding  of  the  carbon  dioxide  of  the  blood 
and  not  its  alkali  combinations.  In  regard  to  this  question  the 
conditions  are  not  quite  clear.  If  carbon  dioxide  is  allowed  to  act 
on  Iwemoglobin,  it  unites  (Bohr,  Torup)  witn  the  colored  atomic 
gronp  of  the  hemoglobin,  splitting  off  albumin,  and  from  this 
hffimoglobin,  bo  decomposed,  oxyhemoglobin  cannot  be  formed  by 
the  action  of  oxygen.     According  to  Bohr,  for  each  grammo  of 
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bKmoglobin  at  -|- 18.4°  C.  and  a  preeaure  of  30  mm.  3.4  c  cm.  carbon 
dioxide  are  combined ;  and  since  in  the  arterial  blood  nearly  all  the 
fasmoglobin  exists  as  oxyhemoglobin,  it  is  dilficult  to  obtain,  at 
least  from  the  arterial  blood,  an  appreciable  fraction  of  the  carbon 
dioxide  as  carbon -dioxide  hemoglobin.  It  cannot  be  denied  that  a 
not  insignificant  part  of  the  carbon  dioxide  of  the  blood  is  held  by 
the  red  corpuscles  in  loose  combination:  but  how  this  combination  - 
takes  place  requires  further  investigation  before  it  can  be  answered. 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  found  in  the 
blood-plasma  or  the  blood-semm,  which  follows  from  the  fact  that 
the  sernm  is  richer  in  carbon  dioxide  than  the  correspond- 
ing blood  itself.  By  experiments  with  the  air-pump  on  blood- 
serum  it  has  been  found  that  the  chief  part  of  the  carbon  dioxide 
contained  in  the  serum  is  given  off  in  a  vacuum,  while  a  smaller 
part  can  only  be  pumped  out  after  the  addition  of  an  acid.  The 
red  corpuscles  also  act  as  an  acid,  and  therefore  in  blood  all  the 
carbon  dioxide  is  expelled  in  vacuo.  A  part  of  the  carbon  dioxide 
ia  firmly  chemically  combined  in  the  serum. 

Absorption  experiments  with  blood-serum  have  shown  ns 
further  that  the  carbon  dioxide  which  can  be  pumped  out  is  in 
great  part  loosely  chemically  combined,  and  from  this  loose  combi- 
nation of  the  carbon  dioxide  it  necessarily  follows  that  the  serum 
most  also  contain  simply-absorbed  carbon  dioxide.  For  the  form 
of  binding  of  the  carbon  dioxide  contained  in  the  serum  or  the 
plasma  we  find  the  three  following  possibilities:  1.  A  part  of  the 
carbon  dioxide  is  simply  absorbed;  2.  Another  part  is  loosely 
chemically  combined;  and  3.  A  third  part  is  in  firm  chemical 
combination. 

The  quantity  of  simply-absorbed  carbon  dioxide  has  not  been 
exactly  determined.  Setschenow  considers  the  quantity  in  dog- 
eerum  to  bo  about  ^  of  the  total  quantity  of  carbon  dioxide. 
According  to  the  tension  of  the  carbon  dioxide  in  the  blood  and  its 
absorption  coefficient,  the  quantity  seems  to  be  still  smaller. 

The  quantity  of  firmly  chemically  combined  carbon  dioxide  in 
the  blood-serum  is  the  same  as  the  quantity  of  simple  alkali  carbon- 
ate in  the  serum.  This  qnantity  is  not  known,  and  it  cannot  be 
determined  either  by  the  alkalinity  found  by  titration,  nor  can  it  be 
calculated  from  the  excess  of  alkali  found  in  the  asfa,  because  the 
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alkali  ie  not  only  combined  with  carbon  dioxide  bnt  also  with  other 
bodies,  especially  with  albumin.  Tbc  quantity  of  tirmly  chemically 
combined  carbon  dioxide  cannot  be  ascertained  after  pumping  out 
in  vacuo  without  the  addition  of  acid,  because  to  all  appearances 
certain  active  constituents  of  the  serum,  as  acids,  eipel  carbon 
dioxide  from  the  simple  carbonate.  The  quantity  of  carbon 
dioxide  not  expelled  from  dog-serum  by  vacuum  alone  without  the 
addition  of  acid  amounts  to  4.9  to  9.3  vols,  per  cent,  according  to 
the  determinations  of  Pfldgeb. 

From  the  occurrence  of  simple  alkali  carbonates  in  the  blood- 
Bemm  it  naturally  follows  that  a  part  of  the  loosely-combined 
carbon  dioxide  of  the  serum  which  can  be  pumped  out  must  occur 
ae  bicarbonate.  TLe  occurrence  of  this  combination  in  the  blood- 
serum  has  been  directly  shown.  In  experiments  with  the  pump, 
as  well  as  in  absorption  experiments,  the  serum  behaves  in  other 
ways  as  a  solution  of  bicarbonate,  or  carbonate  of  a  corresponding 
concentration;  and  the  behavior  of  the  loosely-combined  carbon 
dioxide  in  the  serum  can  be  explained  only  by  the  occurrence  of 
bicarbonate  in  the  serum.  By  means  of  vacuum  the  serum  always 
allows  much  more  than  one  half  of  the  carbon  dioxide  to  be  expelled, 
and  it  follows  from  this  that  in  the  pumping  out  not  only  may  a 
dissociation  of  the  bicarbonate  take  place,  but  also  a  conversion  of 
the  double  sodium  carbouate  into  a  simple  salt.  As  we  know  of  no 
other  carbon -dioxide  combination  besides  the  bicarbonate  in  the 
serum  from  which  the  carbon  dioxide  can  be  set  free  by  simple  dis- 
sociation in  vacuo,  we  are  obliged  to  assume  that  the  serum  must 
contain  other  faint  acids  in  addition  to  the  carbon  dioxide,  which 
contend  with  it  for  the  alkalies  and  which  expel  the  carbon  dioxide 
from  simple  carbonates  in  vacuo.  The  carbon  dioxide  which  is 
expelled  by  means  of  the  pump  and  which,  without  regard  to  the 
simple  absorbed  quantity,  is  generally  designated  as  "  loosely  chemi- 
cally combined  carbon  dioxide,"  is  thus  only  obtained  in  part  in 
dissociable  loose  combination;  in  part  it  originates  from  the  aim- 
pie  carbonates,  from  which  it  is  expelled  in  vacuo  by  other  faint 
acids. 

These  faint  acids  are  thought  to  be  in  part  phosphoric  acid  and 
in  part  globulin.  The  importance  of  the  itlkali  phosphates  for  the 
carbon  dioxide  combination  (see  page  97)  has  been  shown  by  the 
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invest igatione  of  Fbrnet;  but  the  quuatit;  uf  these  salts  in  the 
serum  ie,  at  least  in  certain  kinds  of  blood,  for  example  iu  ox- 
serum,  so  suial]  tliat  it  can  hardly  be  of  importance,  lu  regard  to 
tiie  globulins  SET8CUEK0W  is  of  the  opinion  that  they  do  not  act 
as  acids  themselves,  bnt  form  a  combination  with  carbon  dioxide, 
producing  carboglobulinic  acid  which  unites  with  the  alkali.  Ac- 
cording to  Seetoli,  whose  views  have  lately  found  a  supporter  in 
ToRrp,  the  globulins  themselves  are  the  acids  combined  with  the 
alkali  of  the  blood-serum.  In  both  cases  the  globulin  would 
fonn,  directly  or  indirectly,  that  chief  constituent  of  the  plasma  or 
of  the  blood-serum  which,  according  to  the  law  of  the  action  of 
masses,  contends  with  the  carbon  dioxide  for  the  alkalies.  By  a 
greater  partial  pressure  of  the  carbon  dioxide  the  latter  deprives 
the  globulin  alkali  of  a  part  of  Its  alkali,  and  bicarbouate  is  formed ; 
by  low  partial  pressure  the  carbon  dioxide  escapes,  and  the  bicar- 
bonate is  taken  up  by  the  globulin  alkali. 

In  the  above  statements  it  has  boon  emphasized  that  the  oxygen 
in  the  blood  occurs  in  a  dissociable  combination  with  the  hfemo- 
glohin,  and  for  the  formation  of  this  combination,  the  oxyhcemo- 
globin,  a  certain  partial  pressure  of  the  oxygen  is  necessary  at  any 
temperature.  Also  the  carbon  dioxide  of  the  blood,  that  which  is 
contained  in  the  blood- corpuscles  as  well  as  that  in  the  plasma,  oc- 
curs mostly  in  combinations  which  are  dependent  to  a  great  extent 
upon  the  partial  pressure  of  the  carbon  dioxide.  For  the  study  of 
the  exchange  of  gases  between  the  blood  and  the  alveolar  air  on 
one  side,  and  the  blood  and  the  tissues  on  the  other,  special  regard 
must  be  paid  to  the  question  as  to  how  far  this  exchange  of  gases 
is  the  result  of  the  law  of  diffusion  and  how  far  other  forces  take 
part  in  it;  also  the  tension  of  the  oxygen  and  the  carbon  dioxide 
is  of  the  greatest  importance. 

The  law  of  the  dissociation  of  oxyheemoglobin  has  been  studied 
by  many  investigators.  Of  the  greatest  physiological  intei'est  are 
those  investigations  which  relate  to  the  dissociation  at  the  temper- 
ature of  the  body.  In  regard  to  these,  many  investigators  (P.  Bebt, 
ItBRTBR,  and  HuFNEH)  have  found,  partly  by' experiments  on  the 
living  animal  and  partly  by  experiments  with  blood  or  pure  hffimo- 
globin  Bolntionfl,  that  the  tension  of  the  oxygen  of  the  blood  at  the 
lomperature  of  the  body  corresponds  to  an  oxygen  partial  pressure 


THIC  BLOOD. 


101 


of  abont  75-80  mm.  mercury.  Bob  k  has  obtained  a.  somewhat  differ- 
ent result  from  his  investigations.  He  eiperimented  on  doga 
which  were  injected  with  leech  infusion  or  peptone  solution  bo  aa 
to  prevent  coagulation  of  the  blood,  and  he  Hllowed  the  blood  to 
circulate  through  an  fippuratus  which  was  inserted  between  the 
central  and  peripheral  end  of  the  cut  i;urotid,  or  between  the  cen- 
tral end  of  the  carotid  and  the  central  end  of  the  cut  jugular  vein, 
and  in  this  way  the  exchange  of  gases  between  the  blood  and  a  gaa  ' 
mixture  of  known  constitution  could  be  determined.  As  measure 
of  the  tension  of  the  oxygen  in  the  arterial  blood  he  obtained  a  dis- 
proportionate high  value  or  an  average  pressure  of  lati.S  mm.  mer- 
cury. By  a  simultaneous  determination  of  the  oxygen  tension  in 
the  blood  and  in  the  oxptrod  air  of  the  same  animals  he  found  in 
several  cases  a  higlier  value  for  the  former  than  for  the  latter. 
While  according  to  P.  Bert's  investigations  the  taking  up  of  oxy- 
gen from  the  air  of  the  lungs  by  the  blood  may  be  explained  by  the 
high  oxygen  partial  pressure  in  the  air  of  the  lunge,  this  is  not  per- 
ceptible according  to  the  experiments  of  Bohr,  in  which  the  ten- 
sion of  the  oxygen  in  the  blood  is  greater  than  in  the  expired  air, 
and  also  for  evidenl  reasons  it  is  still  greater  than  in  the  alveolar 
air.  BoHK  is  also  of  the  opinion  that  the  generuliy-uecepted  diffu- 
sion theory  does  not  give  sufficient  explanation  fur  the  taking  up 
of  oxygen  from  the  air,  and  that  we  must  ako  admit  that  the  loug- 
tisBue  itself  plays  an  active  part  in  the  taking  up  of  oxygen, 

Aa  the  chief  quantity  of  the  oxygen  in  the  blood  simply  ab- 
sorbed, corresponding  to  the  pressure,  is  contained  as  a  loose  chem- 
ical combination,  it  is  to  be  supposed  that  the  amount  of  oxygen  in 
the  blood,  at  least  within  certain  limits,  is  independent  of  the 
amount  of  oxygen  in  the  air. 

That  the  raising  of  the  oxygen  pressure,  even  to  a  pressure  of 
one  atmosphere,  has  no  essential  influence  on  the  amount  of  oxygen 
taken  up,  and  on  the  carbon  dioxide  eliminated,  has  been  known 
for  &  long  time  (Lavoisier,  Reosaclt,  and  Rkiset).  Further 
eiperimenta  in  this  direction  liave  heej  made  by  Paul  Bert.  He 
fonnd  that  in  pure  oxygen  at  a  pressure  of  3  atiiiosfilieres,  or  in  or- 
dinary air  at  a  pressure  of  15  atmospheres,  animals  quickly  died 
with  convulsions.  Before  and  during  the  spasms  a  lowering  of 
temperatnre  took  place,  and  the  consumption  of  oxygen,  as  well  ai 
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tbe  elimination  of  carbon  dioxide  and  the  combustion  of  the  sugar 
of  tiie  blood,  wae  lowered.  Ry  raising  the  oxygen  pressure  of  the 
air  to  3  atmospherea  the  amount  of  oxygen  contained  in  the  blood 
is  somewhat  increased.  It  seems  that  the  amount  of  oxygen  which 
is  here  taken  np  corresponds  to  that  quantity  which  ia  simply  ab- 
sorbed by  the  blood  at  that  pressure. 

It  is  also  of  special  interest  to  know  to  what  extent  the  partial 
pressure  of  the  oxygen  of  the  air  can  be  lowered  without  causing  any 
injuriouH  action  or  danger  to  life,  A  great  many  observations  have 
been  made  on  this  subject,  partly  on  man  (P.  Bebt,  Sivel  and 
Cboce-Spinklli,  Leblakc,  and  others)  and  partly  on  animals  (by 
W.  Miller,  Hoppe-Seyleb,  Sthoganow,  Beet,  Feiedlasder 
and  Herteh,  Fbankel  and  Geppebt).  From  these  observations 
it  eeenis  tliat  the  partial  pressure  of  the  oxygen  in  the  atmosphere 
may  sink  to  one  half  without  causing  a  disturbance.  The  respira- 
tion is  hindered  by  an  oxygen  tension  of  ~-8)i  of  an  atmosphere, 
and  at  a  stiU  lower  tension  a  lowering  of  the  temperature  is  ob- 
served, lassitude,  inability  of  muscular  movement,  and  insensibility. 
At  an  oxygen  tension  which  corresponds  to  about  Z-Z.b%  of  an 
atmosphere,  death  occurs. 

In  regard  to  the  amonnt  of  oxygen  in  the  blood  at  lower  air- 
pressures,  the  obserrations  of  Fraxkel  and  Oeppebt  on  dogB  mnst 
be  mentioned.  At  an  air-pressure  of  410  mm.  mercury  the  amount 
of  oxygen  in  the  arterial  blood  was  normal;  at  an  air-pressure  of 
378-365  mm.  it  wae  a  little  diminished,  and  only  at  a  lowering  of  the 
pressure  to  300  mm.  was  a  marked  decrease  of  the  oxygen  obsened. 

The  tension  of  the  carbon  dioxide  in  the  blood  has  been  deter- 
mined in  different  ways  by  PflOoer  and  his  pupils,  Wolfbero, 
STBAHt^BtTKO,  and  \usBBAtTx.  According  to  the  density  method, 
tb«  blood  is  allowed  to  flow  directly  from  the  artery  or  vein 
through  a  glass  tube  which  contains  a  gas  mixture  of  a  known 
Oonstitntion.  If  the  tension  of  the  carbon  dioxide  in  the  blood  is 
greater  than  the  gas  mixture,  then  the  blood  gives  up  carbon 
dioxide;  while  in  the  reverse  case  it  takes  np  carbon  dioxide  from 
the  gas  mixtnre.  The  analysis  of  the  gas  mixture  after  passing 
be  blood  through  it  will  also  decide-  if  the  tension  of  the  carbon 
loxide  in  the  blood  is  greater  or  less  than  in  the  gas  mixture;  and 
bjR  snfficiently  great  nnmber  of  determinations,  especially  when 
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the  amount  of  carbon  dioside  of  the  gas  mixtare  corresponds  as 
nearly  aa  possible  in  the  beginning  to  tlie  probable  tension  of  this 
gas  in  the  blood,  we  may  learn  the  tension  of  the  carbon  dioxide  in 
the  blood. 

According  to  this  method,  the  carbon-dioxide  tension  of  the 
arterial  blood  is  on  an  average  2.8^  of  an  atmosphere,  correspond- 
ing to  a  pressure  of  21  mm.  mercury  (STRAaSBORG).  In  the  blood 
from  the  pulmonary  alveoli  Ndssbauk  found  a  carbon-dioxide  ten- 
lion  of  3.81^  of  an  atmosphere,  corresponding  to  a  pressure  of  28.95 
mm.  mercury.  Strassbuko,  who  experimented  on  tracheotomized 
doge,  in  which  the  ventilation  of  the  lungs  was  less  active  and 
therefore  the  carbon  dioxide  was  removed  from  the  blood  with  less 
readiness,  found  in  the  venous  blood  of  the  heart  a  carbon-dioxide 
tension  of  5.4^  of  an  atmosphere,  corresponding  to  a  partial  pressure 
of  41.01  mm.  mercury. 

Another  method  is  the  catheterization  of  a  flap  of  the  lungs. 
By  the  introduction  of  a  catheter  of  a  special  construction  into  a 
branch  of  a  bronchia  the  corresponding  flap  of  the  lung  may  be 
hermetically  sealed,  while  in  the  other  flaps  of  the  same  lung  and 
in  the  other  lung  the  ventilation  remains  unhindered,  so  that  no 
stowing  of  carbon  dioxide  takes  place  in  the  blood.  When  the 
cutting  off  lasts  so  long  that  a  complete  equalization  between  the 
gases  of  the  blood  and  the  cut-off  air  of  the  lungs  is  assumed,  a 
sample  of  this  air  of  the  lungs  is  removed  by  means  of  the  catheter 
and  analyzed.  In  the  air  thus  obtained  from  the  lungs  NuasBACM 
and  WoLPBERG  found  an  average  of  3.6!(  CO,.  Nussbaltm  has 
also  determined  the  carbon -dioxide  tension  in  the  blood  of  tho 
pulmonary  alveoli  in  a  case  simnltaneous  with  the  catheterization 
of  the  lungs.  He  found  nearly  identical  results,  namely,  a  carbon- 
dioxide  tension  of  3.84^  and  3.81^  of  an  atmosphere. 

While  according  to  the  just-mentioned  determinations  the  car- 
bon-dioxide pressure  in  the  venous  blood  amounts  to  about  30  mm. 
mercury  and  in  the  arterial  to  about  20  mm..  Bohr  has,  on  the  con- 
trary, according  to  the  above-described  methods  (page  101),  found 
Btrikingly  lower  figures — 2  to  3  mm.,  and  even  lower  than  I  mm. 

The  quantity  of  carbon  dioxide  in  the  expired  air  amounts  to 
about  2.8^  (WoLPBERO,  Bohr).  The  air  of  the  alveolus  of  the 
lungs  is  naturally  richer  in  carbon  dioxide,  but  the  amount  is  not 
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exactly'  kuown.  If  we  slart  from  the  figures  for  the  carbon-dioxiiio 
tension  founi)  by  Pkluokr  and  his  pupik,  uud  whon  we  recall,  fur- 
ther, that  Ni'ssBATM  found  in  the  cut-off  air  of  the  lungs — which 
is  more  likely  to  be  richer  than  poorer  in  carbon  dioxide  than  the 
normal  alveolar  air  (if  the  lungs — tJie  same  carbon-dioxide  tension 
as  in  the  veuoua  blood  of  the  heart,  then  these  observations  easily 
agree  with  the  view  that  elimination  of  the  carbon  dioxide  from 
the  blood  in  the  lungs  simply  follows  the  laws  of  diffusion. 
According  to  the  experiments  of  BouB,  in  which  the  blood  and 
the  expired  air  were  investigated  at  the  same  time,  and  in  which 
he  found  the  carbon -dioxide  tension  in  the  blood  significantly 
lower  than  the  expired  air — and  also  lower  than  the  alveolar  air, — 
such  an  assumption  as  the  above  is  impossiblf.  Bohk  also  wishes 
to  give  by  his  experiments  a  proof  of  the  view  suggested  long  ago 
by  LuDwm's  school,  namely,  that  the  lungs  play  a  specific  secre- 
tory rAle  in  the  elimination  of  carbon  dioxide.  The  necessity  of 
further  investigations  for  the  explanation  of  the  reason  for  these 
very  deviating  results  obtained  by  different  investigators  is  ap- 
parent. 

As  the  carbon  dioxide  is  always  in  part  combined  chemically, 
and  ae  this  part  increases  with  the  amount  of  alkali  in  the  blood, 
it  is  evident  that  the  amount  of  carbon  dioxide  and  the  carbon- 
dioxide  tension  must  not  always  be  parallel.  That  this  is  a  faot 
has  been  shown  by  Gacle  in  experimenting  on  suffocated  dogs. 
If  the  amount  of  alkali  in  the  blood  be  diminished,  then,  naturally, 
ihe  amoniit  of  carl)on  dioxide  will  be  decreased.  Such  a  behavior 
in  found  in  poisoning  by  mineral  acide.  Walter  found  only  '^-3 
vole,  per  cent  carbon  dioxide  in  the  blood  of  a  rabbit  which  had 
had  hydrochloric  acid  introduced  into  the  stomach.  In  the  coma- 
tose state  of  diabetes  melilits  the  alkali  of  the  blood  seems  to  be 
saturated  in  great  part  by  an  acid  combination  (/?  oxybutjTic  acid) 
(Htadbi.mann,  Minkowskv).  and  correspondingly  Mimkowskt 
found  in  the  blood  in  comatose  diabetes  only  3.^  vols,  per  cent 
carbon  dioxide. 

In  regard  to  the  carbon-dioxide  tension  in  the  tissue,  we  must 
asBume  a  prion  that  it  is  higher  than  in  the  blood.  This  is  found 
to  be  true.  Strassultro  found  in  the  urine  of  dogs  and  in  the  bile 
a  Oftrbon -dioxide  tension  of  9^  and  "if  of  an  atmosphere,  respect- 


TUB  BLOOD. 


105 


iyely.  The  same  experiraenter  hue,  further,  injected  atmoflpheric 
air  into  a  looseaed  intestiual  knot  of  a  living  dog,  and  aimlyzod  the 
air  taken  out  after  some  time.  He  found  a  carboD-diosido  tenaioD 
of  7.7!(  of  an  atnioaphere.  The  carbon-dioxide  tension  in  the  tisaue 
is  strikingly  greater  than  in  venous  blood,  even  if  we  use  as  hasis 
for  our  calculation  the  figures  found  by  PPLitoER  and  his  pupilH.jts 
opposed  to  Bohr's  results  of  relatively  high  valucB,  for  the  carbon- 
dioxide  tension.  It  ie  not  disputed  that  the  carbon  dioxide  eimply 
passes  from  the  tissue  to  the  blood  according  to  the  laws  of 
diSnaion. 


V.  The  Quantitative  Constitution  of  the  Blood. 

The  quantitative  aualjHis  of  blood  cannot  be  of  value  for  the  blood 
as  an  entirety.  We  must  ascertain  on  one  side  the  relationship  of 
the  plasma  and  blood -corpuscles  to  each  other,  and  on  the  other  side 
the  constitution  of  each  of  these  two  chief  oonBtituents.  The  diffi- 
culties which  stand  in  the  way  of  such  a  task,  especially  in  regard 
to  the  living,  i  ion -coagulated  blood,  have  not  been  removed.  Since 
the  constitution  ot  the  blood  may  differ  not  only  in  different  vas- 
onlar  regions,  but  also  in  the  same  region  under  different  circum- 
stances, which  renders  also  number  of  blood  analyses  necessary,  it 
can  hardly  appear  remarkable  that  our  knowledge  of  the  con 
stitution  of  the  blood  is  still  relatively  limited. 

If  any  substance  is  found  in  the  blood  which  belongs  excloaively 
to  the  plasma  and  does  not  occur  in  the  blood -corpuscles,  then  the 
amount  of  plasma  contained  in  the  blood  may  be  calculated  if  we 
determine  the  amount  of  this  substance  in  lUU  parts  of  the  plasma 
and  semm,  respectively,  on  one  side  and  in  100  parts  of  the  blood 
on  the  other.  If  we  represent  the  amount  of  this  substance  in  the 
plasma  by  /'  and  in  the  blooil  by  b,  then  the  amount  x  of  the  plasma 

in  100  parts  of  blood  is    x  = '—. 

Such  a  pubstance.  which  occurs  only  in  the  plasma,  is  fibrin 
according  to  Uoppb-Setleb,  sodium  according  to  Bunae  {in  cer- 
tain kinds  of  blood),  and  sugar  according  to  Otto.  The  experi- 
menters just  named  have  tried  to  determine  the  amount  of  the 
plasma  and  the  blood-corpusclos,  respectively,  in  different  kinds 
of  blood,  starting  from  the  above-mentioned  substances. 
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Another  method,  euggeeted  by  Hoppe-Setler,  is  to  determine 
the  total  amount  of  hsemoglobin  and  albumin  in  a  portion  of  blood, 
Hnd  on  the  other  hand  the  amount  of  btemoglobiu  and  albumin  in 
the  blood -corpuac lea  of  an  equal  portion  of  the  same  blood  which 
have  been  sufficiently  waahed  with  common-salt  solution  by  centrif- 
ugal force.     The  figures  obtained  as  a  difference  between  these  two 
determinations  correspond  to  the  amount  of  albumin  which  was 
contained  in  the  serum  of  the  first  portion  of  blood.     If  we  now 

determine  the  albumin  in  a  special  portion  of  serum  of  the  same 
blood,  then  the  amount  of  serum  in  the  blood  is  easily  determined. 
The  usefulness  of  this  method  has  been  confirmed  by  Bunde  by 
the  control  experiments  with  the  sodium  determinations.     If  the 
amonnt  of  serum  and  blood -corpuscles  in  the  blood  is  known,  and 
we  then  determine  the  amount  of  the  different  blood -constituents 
in  the  blood-serum  on  one  side  and  of  the  total  blood  on  the 
other,  the  distribution  of  these  different  blood -co  netituenta  in  the 
two  chief  components  of  the  blood,  plaema  and  blood-corpnsclea 
may  be  ascertained.     According  to  the  just-mentioned  procedure, 
the  following  analyses  of  pig's  blood  and  ox's  blood  have  been  made 
by  BcNGB.     Analyses  of  human   blood  have  been  made  for  some 
time  by  C.  Schmidt  according  to  another  method,  which  perhaps 
^1            have  given  rather  too  high  results  for  the  weight  of  the  blood- 
^B          corpuscles.     All  figures  represent  parts  in  1000  pails  of  blood.                       , 
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^^1             Hoppe-Setler,  S.ichahjin,  and  Otto  found  584.9-693.5  p.  m. 
^^^       plaema  and  415.1-306.5  p.  m.  blood -corpuscles  in  horse's  blood. 
^^1       BUKGB  found,  on  the  contrary,  in  an  analysis  468.5  p.  m.  serum 
^^H^      and  531.5  p.  m.  blood-corpuscles — more  blood -corpuscles,  therefore, 
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than  seram.  For  human  blood  Abronet  has  found  478.8  p.  m. 
btood-corpuaclee  and  521.3  p.  m.  semm  (in  defibrmated  blood)  as 
an  average  of  nine  determination  b. 

The  relative  amount  of  blood -corpuBcles  and  plasma  therefore 
varies.  In  human  blood  the  plasma  ia  about  .50;^  of  the  weight  of 
the  blood;  but  in  other  cases  it  aeeme  generally  to  be  somewhat 
greater.  In  a  few  caaee  it  may  indeed  be  3  of  the  wei|E;ht  of  the 
blood.  Water  occurs  in  the  greateBt  amount  in  the  plasma  or  serum, 
which  latter  ordinarily  contains  at  least  ^j  water,  while  the  blood- 
corpuscles  contains  only  a  little  more  than  \  or  about  J  water. 
Iron  probably  occurs  only  in  the  blood-corpuecles.  Chlorine  and 
sodium  prevail  generally  in  the  plasma,  potassium  and  phosphoric 
acid  in  the  blood -corpuscles.  In  ji  few  varieties  of  blood  (pig's 
and  horse's  blood)  the  sodium  is  found  esclnaively  in  the  plasma  or 
Bemm,  the  potassium  prevailing  in  the  blood -corpuscles  (Bunob). 
In  dog's  and  ox's  blood  the  blood-corpuscles  are,  however,  richer 
in  sodium  than  in  potassium  (Bunoe).  In  man  the  potasEium 
is  contained  in  the  largest  quantities  in  the  blood -corpuscles 
and  only  in  very  email  quantities  in  the  plasma  (C.  Schmidt, 
Wanach).  The  alkaline  earths  occur  chiefly  in  the  plasma. 
Manganese  has  also  been  found  in  the  blood  (0.06  p.  m.  according 
to  Bl'Rin  DEBuiasoN)jaswell  as  traces  of  lithium,  copper,  lead, and 
silver.  The  blood  as  a  whole  contains  in  ordinary  cases  7~0-8!,'0 
p.  m.  water,  with  180-230  p.  m.  solids;  of  these  173-220  p.  m. 
are  organic  and  6-10  p.  m.  inorganic.  The  organic  consist,  de- 
ducting 6-12  p.  m.  extractive  bodies,  of  albumin  and  hfemoglobin. 
The  amount  of  these  last-mentioned  bodies  in  the  blood  is  about 
130-150  p.  m. 

The  amount  of  sugar  in  the  blood  is  on  an  average  1-1.5  p.  m. 
The  quantity  of  urea,  which  amounts  to  0.2-0.9  p.  m.,  ia  greater 
after  partaking  of  food  than  during  fasting  (Grehant  and  QuiN- 
quaud).  The  quantity  of  uric  acid  may  be  0.1  p.  m.  in  bird's  blood 
(v,  Schroder),  and  the  quantilyof  lactic  acid  may  reach  0.71  p. 
m.  in  human  venous  blood  (Berlinerblau). 


PHYSIOLOGICAL  VUEMISTIIT. 

The  Coutitation  of  the  Blood  in  different  Vaecnlar  Regions  and 
under  different  Physiological  Conditions. 

Arterial  and  Venout  Blood.  The  most  striking  difference  be- 
tween theBe  two  kinds  of  blood  is  the  variation  in  color  caused  by 
their  containing  different  amounts  of  gas  and  different  amouuts  of 
oxjhit-moglobin  and  hasmoglobin.  The  arterial  blood  ia  light  red; 
the  venous  blood  is  dark  red,  dichroitic,  greeuish  by  trauBmitted 
light  through  thin  layers.  The  arterial  coagulates  more  quickly 
than  the  venous  blood.  The  latter,  on  aocouut  of  the  transudation 
which  takes  place  in  the  capillaries,  ia  somewhat  poorer  in  water 
but  richer  in  blood-corpusoJes  and  hsmoglobiu  than  the  arterial 
blood  (IlEiyENHAiN,  Nasse.  Otto),  The  quantity  of  angar  is 
somewhat  greater  in  the  arterial  blood  than  in  the  venous  (Otto). 

Jihodfrotn  the  Portal  Vein  and  t/te  Hcpalic  Vein.  The  blood  of 
the  hepatic  vein  is  poorer  in  ordinary  red  blood -corpuscles  but  richer 
in  colorless  and  soKialled  yonng  red  blood -corpuscles,  A  few  investi- 
gatore  have  deciiled  from  this  that  a  formation  of  rod  bloifd-corpas- 
cles  takes  place  in  the  liver,  while  others  claim  that  a  destruction 
takes  place. 

In  considemtion  of  the  relationship  to  the  aimnltaneous  forma- 
tion of  small  quantities  of  bile  and  lymph  in  the  unit  of  time  of 
the  large  quantities  of  blood  circulating  throubg  the  liver  we  can 
hardly  ex|»ect  to  detect  a  positive  difference  in  the  constitution  of 
tho  blood  of  the  hepatic  vein  by  chemical  analysis.  The  statement* 
in  regard  to  auch  a  drfference  are  in  fact  contradictory.  For 
example.  Dbosdoff  has  found  more  hemoglobin  in  the  hepatic 
than  in  the  |>ortal  veins,  while  Otto  found  less.  In  regard  to  the 
different  amounts  of  sugar  in  these  two  kinds  of  blood  we  have 
also  much  contradiction.  According  to  a  few  experimenters,  as 
Otto  and  above  all  others  Sekoek,  the  blood  of  the  hepatic  vein  is 
richer  in  sugar,  which  corresponds  with  the  older  atatements  of 
CLjtfDB  Bbrxard.  Such  a  difference  may.  however,  he  caused  by 
the  operative  interference  in  the  collection  of  the  blood  from  the 
hepatic  vein  (Abblrs),  and  as  a  rule  investigators  nowadays  do  not 
«»m  to  agree  with  liERSAnn's  view.  During  the  digestion  of  food 
rich  in  carbohydrates  the  blood  of  the  portal  vein  may  not  only  be 
richer  in  glucose  but  also  contain  other  carbohydrates  (v.  Merino. 
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Otto).  The  amount  of  ureii  in  the  blood  from  the  hepatic  vein  is 
greater  than  in  other  blood  {Grkhant  and  QrisyCAUu). 

Blood  of  the  Splenic.  Vein  is  decidedly  richer  in  leucocytes 
than  the  blood  from  the  splenic  artery.  The  red  blood -corpuscles 
oE  the  blood  from  the  splenic  vein  are  smaller  than  the  ordinarj', 
less  flattened,  and  show  a  greater  resistance  to  water.  The  blood 
from  the  splenic  vein  is  also  claimed  to  be  richer  in  water,  fibrin, anil 
albumin  than  the  ordinary  venous  blood  (Beclard).  According  to 
V.  MiDDENuoBFF,  it  Is  Hcher  Jii  htemoglobiu  than  arterial  blood.  It 
coagulates  more  slowly. 

The  Blood  frovi  the  Veins  of  the  Glands.  The  blood  circulates 
with  greater  rupidity  through  a  gland  during  activity  (secretion) 
than  when  at  rest,  and  the  outflowing  venous  blood  has  therefore 
during  activity  a  lighter  red  color  and  a  greater  amount  of  oxygen. 
Because  of  the  secretion  the  venons  blood  also  becomes  somewhat 
poorer  in  water  and  richer  in  Bolids. 

The  blood  from  the  Mumcular  Veins  shows  an  opposite  behavior, 
for  during  activity  it  is  darker  and  more  venons  in  its  properties 
because  of  the  increased  absorption  of  oxygen  by  the  muscles  or 
still  greater  production  of  carbon  dioxide  than  when  at  rest. 

Menstrual  Blood  has,  according  to  an  old  statement,  not  the 
power  of  coagulating.  This  statement  is  nevertheless  false,  and  the 
apparent  nn coagulability  depends  in  part  on  the  womb  and  the 
vagina  retaining  the  blood-clot,  so*  that  only  fluid  cruor  is  at  times 
eliminated,  and  in  part  on  a  contamination  with  vaginal  mucus 
which  disturbs  the  coagulation. 

The  Blood  of  Iho  Two  Sexes,  Woman's  blood  coagulateii 
somewhat  more  quickly,  has  a  lower  specific  gravity,  a  greater 
amount  of  water,  and  a  smaller  quantity  of  solids  than  the  blood 
of  man.  Tlie  amount  of  blood -corpuscles  and  hemoglobin  is 
somewhat  smaller  in  woman's  blood.  The  amount  of  biemoglobin 
is,  according  to  Otto,  146  p.  m.  for  man's  blood  and  133  p.  m.  for 
woman's. 

During  pregnancy  Nasse  has  observed  a  decrease  in  the  specific 
gravity,  with  an  increase  in  the  amount  of  water  towards  the  end  of 
the  eighth  month.  From  then  the  specific  gravity  increases,  and 
at  delivery  it  is  normal  again.  The  amount  of  fibrin  is  somewhat 
increased    (Becquerel  and   Rodirr,   Nasse).     The   number  of 
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blood-corpuBclcB  seems  to  decrease.     In  regard  to  the  amount  of 
hfeinogiobiD  the  statementB  are  somewhat  contradictory. 

The  Blond  at  Different  Periods  of  Life.  Fcetal  blood  Ja 
strikingly  poorer  in  blood -corpuscles  and  haemogtobiti  than  the 
blood  of  the  adult.  The  fcetal  blood  at  the  moment  of  birth  has, 
according  to  Schekkenziss,  a  lower  specific;  gravity,  a  mark- 
edly lower  amount  of  hemoglobin,  and  a  little  less  fibrin,  but  a 
greater  amount  of  mineral  bodies,  especially  proportionally  more 
sodium  (but  less  potassium)  than  the  blood  of  adults.  A  few 
hours  after  birth  the  blood  of  the  child  has  the  same  quantity  of 
hnmoglobin  aa  the  blood  of  the  mother  (Cohnctein,  Zpntz,  Otto). 
The  amount  of  bsmoglobin  and  of  blood -corpuscles  then  quickly 
increases;  still  they  do  not  both  increase  at  the  same  rate,  as  the 
amount  of  hemoglobin  increases  much  faster.  Two  to  three  days 
after  birth  the  hemoglobin  reaches  a  maximum  (20-21*),  which  is 
greater  than  at  any  other  period  of  life.  This  is  the  canse  of  the 
great  abundance  of  solids  in  the  blood  of  new-born  infants  as 
observed  by  Denis,  Pancm,  and  other  investigatorfl.  The  quan- 
tity of  haemoglobin  and  blood -corpuscles  sinks  gradually  from  this 
first  maximum  to  a  minimum  of  about  11^  hemoglobin,  which 
minimum  appears  in  human  beings  between  the  fourth  and  eighth 
year.  The  quantity  of  hemoglobin  then  increases  again  until  about 
the  twentieth  year,  when  a  second  maximum  of  13.7-153^  is  reached. 
The  hfemoglobin  remains  at  this  point  only  towards  the  forty-fifth 
year,  and  then  gradually  and  slowly  decreases  (Lbichtensterk, 
Otto).  According  to  older  statements,  the  blood  at  old  age  is 
poorer  in  blood -corimacles  and  albuminous  bodies  but  richer  in 
water  and  salts. 

Tiie  Injluence  of  Food  on  the  Blood.  In  complete  starvation  a 
decrease  in  the  amount  of  solid  blood  constituents  is  found  to  take 
place  (Pancm  and  others).  The  amount  of  hEemoglobin  is  a  little 
increased  (Sdbbotin.  Otto),  and  also  the  number  of  red  blood-cor- 
pnsoles  is  greater  (Worm  Ml'llek,  Hvntzek),  which  probably 
depends  on  the  fact  that  the  blood-corpusclea  are  not  so  quickly 
transformed  as  the  serum.  As  after-effect  the  inanition  causes  au 
ancemic  condition  (Womm  Mijller,  Otto,  Buntzen), 

After  a  rich  meal  the  relative  number  of  blood-corpuacles, 
vapecially  after   secretion    of   digestive   juices   or   absorption   of 
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nutritive  liqnida,  may  be  increased  or  diminished  (Buntzen, 
Leichtenstern).  The  number  of  colorless  blood-corpuscles  may 
be  increased  to  such  an  extent,  after  a  diet  rich  in  albumin,  that  a 
true  digestion  leucocytose  appears  (Hofmeistek  and  Pohl).  After 
a  diet  rich  in  fat  the  plasma  becomes,  oven  after  a  short  time,  more 
or  less  milky-white,  like  an  emulsion.  The  constitution  of  the 
food  acts  essentially  on  the  amount  of  haemoglobin  in  the  blood. 
The  blood  of  herbivora  is  generally  poorer  in  hemoglobin  than 
that  from  carnivora,  and  Sitbbotin  has  observed  in  dogs  after  a 
partial  feeding  with  food  rich  in  carbohydrates  that  the  amount  of 
hffimoglobiu  sank  from  the  physiological  average  of  137.5  p.  m.  to 
103,2-93.7  p.  m.  According  to  Leichtenstern,  a  gradual  increase 
in  the  amount  of  haamoglobiu  is  found  to  take  place  in  the  blood 
of  human  beings  on  enriching  the  food,  and  according  to  the  same 
investigator  the  blood  of  lean  persons  is  generally  somewhat  richer 
in  hssmoglobin  than  blood  from  fat  ones  of  the  sitme  age.  The 
addition  of  iron  salts  to  the  food  greatly  influences  the  number 
of  blood-corpuaclea  and  also  the  amount  of  hfemoglobin  they  con- 
tain, so  that,  according  to  Nasse,  the  iron,  t^speciallyin  combination 
with  fat,  is  active.  According  to  the  investigations  of  IIayem  and 
Mallasbez,  the  iron  preparations  increase  the  amount  of  haemo- 
globin contained  in  the  blood  in  anremia  to  a  higher  degree  than 
the  number  of  blood -corpuscles. 

The  CouBtitntion  of  the  Blood  under  Physiologicftl  Conditions 
may  be  changed  either  by  the  appearance  of  a  foreign  substance  or 
by  the  quantities  of  any  one  or  more  of  the  blood  constituents 
being  abnormally  increased  or  diminished.  Changes  of  this  last 
kind  occur  frequently. 

An  increase  in  the  number  of  red  corpunrle»,  a  true  "  plethora 
POLTCYTHJIMICA,"  takes  place  after  transfusion  of  blood  of  the 
same  species  of  animal.  According  to  the  observations  of  Panuh 
and  Worm  Muller,  the  blood-liquid  is  quickly  eliminated  and 
transformed  in  this  case, — the  vrater  being  eliminated  principally 
by  the  kidneys,  and  the  albumin  burned  into  urea,  etc., — while  the 
blood- corpuscles  are  preserved  longer  and  cause  a  "  POLTCYTHiE- 
MIA,"  A  relative  increase  in  the  number  of  red  corpuscles  is 
found  after  abundant  transudations  from  the  blood,  as  in  cholera 
and  heart-failure,  with  considerable  accumulation. 
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A  decredse  in  (he  number  of  red  corpimcles  occurs  iu  a 
from  different  canaeB.  Each  hemorrhage  causes  an  acute  uufemia 
or  oligemia.  Even  during  the  bleeding  the  remaining  blood  be- 
comes richer  in  water  by  diminished  secretion  and  excretion,  aa 
also  by  an  abundant  absorption  of  j)arenchymou8  flnid  somewhat 
poorer  in  albumin  and  strikingly  poorer  in  red  blood-corpusclea. 
The  oligEemia  passes  soon  into  a  hydrtemia.  The  amount  of  albumin 
then  gradually  increases  again:  but  the  re-formation  of  the  red 
blood -corpuscles  is  slower,  and  after  the  hydra^mia  follows  also  an 
oligocythiemia.  After  a  little  time  the  number  of  blood-corpuscles 
rises  to  normal;  but  the  re- formation  of  hiemoglohin  does  not  keep 
pace  with  the  re-formation  of  the  corpuscles,  and  a  chlorotic  con- 
dition may  appear  {Laaohe,  Buntzen,  Otto),  A  considerable 
decrease  in  the  number  of  red  corpuscles  occurs  also  in  chronic 
aoffimia  and  chlorosis;  still  in  euch  cases  an  essential  decrease  in 
the  amount  of  hasmoglobiu  occurs  without  an  essential  decrease  in 
the  number  of  bloo<i -corpuscles.  The  decrease  in  the  amount  of 
hsmogtobin  is  more  characteristic  of  chlorosis  than  a  decreotie  in 
the  number  of  red  corpuscles. 

A  very  considerable  decrease  in  the  number  of  red  corpuscles 
(from  300,000  to  -100.000  in  1  c.  mm.)  and  diminishing  in  the  amount 
of  haemoglobin  (from  |  to  -j'^)  occurs  in  malignant  anaemia  (Hayem, 
Lepikb,  Laaciie,  and  others).  On  the  contrary,  the  individual 
red  corpuscles  are  larger  and  richer  in  hiemoglobin  than  they  ordi- 
narily are,  and  the  number  stands  in  an  inverse  relationship  to  the 
amount  of  hiemoglobin  (Hayeu). 

Tke  Conslilution  of  Ihe  Red  Corpuscles.  Irj-esjiective  of  the 
changes  in  the  amount  of  hemoglobin,  as  just  mentioned,  the  con- 
stitutiou  of  the  blood -corpnsclee  may  be  changed  in  other  ways. 
By  abundant  transudation,  as  in  cholera,  the  blood-corpuscles  may 
give  up  water,  potassium,  and  phosphoric  acid  to  the  concentrated 
plasma  and  become  correspondingly  richer  in  organic  substances 
(C.  Schmidt).  By  a  few  other  transudations  processes,  as  in  dys- 
entery and  dropsy  with  albuminuria,  a  considerable  amount  of 
albumin  passes  from  the  blood,  the  plasma  becomes  richer  in  water. 
and  the  blood-corpuscles  may  t;ike  up  water  and  so  become  poorer 
in  organic  subatance  (C.  Scauiur). 

The   number  of  colorless  bl«od-i:orpusvles  is  found   to  be  in- 
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creased  by  euppnration  in  puerperal  fever,  pjsemia,  and  maQj 
other  dieeasee,  but  eapecially  in  leiiciBmiu,  which  disease  is  char- 
acterized by  a  great  abundance  ot  lencocytea  in  the  blood.  The 
number  of  leucocytes  is  not  only  absolutely  increased  in  this 
disease,  bat  also  in  proportion  to  the  number  of  red  blood-cor- 
pnacles,  which  is  considerably  diminished  in  lencaemia.  The  blood 
from  a  leuciemic  patient  has  a  lower  specific  gravity  than  the  ordi- 
nary (1.035-1.040)  and  a  lighter  color.as  it  it  were  mixed  with  pus. 
The  reaction  after  death  is  often  acid,  probably  due  to  a  ilecompo- 
aition  of  the  considerably-increased  lecithin.  In  leueaemic  blood, 
volatile  fatty  acids,  lactic  acid,  glycoro-phosphoric  acid,  large 
amounts  of  xanthin  bodies  (Salomon,  Kossei.)  and  the  so-called 
Charcot's  crystals  (see  Chapter  XI)  have  been  found. 

The  ijiiantitif  of  water  in  the  blood  is  iticrenaed  by  general 
dropsy,  with  or  without  kidney  disease,  by  the  different  forms  of 
aniemia,  by  scurvy,  and  by  febrile  diseases.  The  amount  of  water 
is  diminished  by  abundant  transudations,  by  powerful  laxatives,  by 
diarrhcsH,  and  especially  by  cholera. 

The  amount  of  albumins  in  the  blood  may  be  relatively  in- 
creased (hyperalbdminosb)  in  cholera  and  after  the  action  of 
laxatives,  A  decrease  in  the  amount  of  albumin  (hypalbuuinoijb) 
occurs  after  direct  loss  of  albumin  from  the  blood,  as  in  bleeding 
albuminuria,  dysentery,  abundant  formation  of  pus,  etc.,  etc.  The 
amount  of  Bbrin  is  increased  (inpGRiNosE)  in  inflammatory  dis- 
eases, pneumonia,  acute  muscular  rheumatism,  and  erysipelas,  in 
which  the  blood  yields  a  "cri'sta  pulooistica"  because  it  coagu- 
lates more  slowly.  The  statomonts  in  regard  to  the  occurrence  nf 
a  hyperinose  in  scurvy  and  hydnemia  seems  to  require  further 
investigation.  A  decrease  in  the  amount  of  fibrin  (hypinobe)  has 
been  observed  in  malaria,  pyiemia,  and  malignant  amemia.  These 
statements  also  require  further  corroboration. 

The  amount  of  fat  in  thu  blood  (lip^mia)  increases,  irrespect- 
ive of  the  increase  after  a  diet  rich  in  fat,  in  drunkards,  in  corpu- 
lent individuals,  after  fracture  of  the  bones,  and  also  in  diabetes. 
In  the  last- mentioned  case  the  increase  In  fat  depends,  according 
to  Paty  and  Hoppe-Sbyleh,  upon  defective  digestion. 

An  increase  in  the  amount  of  fat  in  the  blood  has  also  been  ob- 
served in  diseases  of  the  liver,  Bnght's  disease,  tuberculosis,  mala- 
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ris,  and  cholera,     v.  Jaxsch  has  obeerved  volatile  fatty  acids  in 
the  blood  (lipacid^mia)  in  febrile  Jiseasea  and  aometimeB  in  dia- 
es. 

The  amount  nf  sails  in  the  blood  iu  increased  in  dropsy,  dysen- 
tery, and  in  cholera  immediately  after  the  first  violent  attack,  but 
dimiuisbes  later  after  the  attack  iu  cholera,  in  ecurvy,  and  in 
inBammatory  diecoseH.  The  decrease  of  alkali  salts,  especially  oom- 
IQOU  salt,  is  only  trifling,  but  in  pneumonia  the  gait  disappears 
almost  entirely  from  the  urine.  A  decrease  in  the  alkalinity  of  the 
blood  has  been  observed  in  many  oases,  as  in  fcvera,  urEemia,  car- 
bon-monoxide poisoning,  diaeasea  of  the  liver,  leuc^mia,  malignant 
aotemia,  and  diabetes.  The  above-mentioned  (page  104)  decrease 
in  the  alkalinity  of  the  blood  in  diabetes  mellitns  is  of  Bpecial  in- 
terest. 

The  guanlii)/  of  glucose  ia  increased  in  diabetes  (mellitsemia). 

Hoppe-Seyler  found  in  one  ease  0  p.  m.  glucose  in  the  blood. 

According  to  Claude  Beknakd,  when  the  quantity  of  glucose  in 

the   blood    amounts   to    3    p.   m.    it    paases  into    the  urine.     The 

quantity  of  nrea  ia  augmented  in  fevers,  also  in  increased  exchange 

I  albumin,  and  by  an  increased  formation  of  ureii  caused  thereby. 

,  further  increase  in  the  amount  of  urea  in  the  blood  occurs  in  a 

itarded  micturitiou,  aa  in  cholera   aa  well  as  in  cholera  infantum 

i.  U6bnbr),  and  in  affections  of  the  kidneys  and  the  urinary 

After  a  ligature  of  the  ureters  or  after  extirpation  of 

le  kidneys  of  animals  an  accumulation  of  urea  takes  place  in  the 

lood.     In  urtemia,  ammonia  may  occur  in  the  blood,  which  origi- 

Btea  from  a  decompoaition  of  the  urea.     Uric  acid  is  found  in- 

in  the  blood  iu  gout  (Oarrod,  Salomon');  oxalic  acid  waa 

Ibo  found  in  the  blood  in  the  same  disease  by  Oaicbod. 

Among  the/oreiffit  bodies  which  are  found  in  the  blood  the  fol- 
iwing  must  be  mentioned  here:  biliart  acids  and  biliary  col- 
RiKfl  MATTKRS  {which  latter  may  occur  under  physiological  condi- 
ons  in  a  few  varietiea  of  blood)  in  icetema;  lecoin  and  tyrosin 
I  acute  atrophy  of  the  liver ;  aceton  specially  in  fevers  (v.  Jaescu). 
1  melanffimia.  especially  after  continuous  malarial  fever,  black, 
often  light  brown  or  yellowish,  grains  of  pigment  occur  in  the 
hich,  according  to  the  generally-received  opinion,  come  into 
blood  from  the  spleen.    After  poisoning  with  potassium  chlo- 
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rate,  metaliEemoglobin  is  observed  in  human  and  in  canine  blood 
(Makcuand  and  Kahn);  but,  on  the  contrary,  no  formation  of 
metahsemoglobin  takes  place  in  the  blood  of  rabbits  {Stokvis  and 
Kimhtseb).  a  formation  of  metabtemoglobin  may  be  caused  at 
the  expense  of  the  hemoglobin  by  the  inhalation  of  amyl  nitrite, 
as  also  by  the  action  of  a  number  of  other  medicinal  bodies  (Hayeu 
and  others). 

The  quantity  of  blood  is  indeed  somewhat  variable  in  different 
species  of  animals  and  in  different  conditions  of  the  body;  in  gen- 
eral we  consider  the  entire  quantity  of  blood  in  adults  as  about 
■j^j— j^  of  the  weight  of  the  body,  and  in  now-born  infants  about 
y,.  Fat  individuals  are  relatively  poorer  in  blood  than  lean  ones. 
During  inanition  the  quantity  of  blood  decreases  less  quickly  than 
the  weight  of  the  body  (Panum),  and  it  may  therefore  be  also  pro- 
portionally greater  in  starving  individuals  than  in  well-fed  ones. 

By  careful  bleeding  the  quantity  of  blood  may  be  considerably 
diminished  without  any  dangerous  symptoms.  The  loss  of  blood 
to  ^  of  the  normal  quantity  lias  as  sequence  no  durable  sinking  of 
the  blood -pressure  in  the  arteries;  while  the  smaller  arteries  ac- 
commodate themselvea  to  the  small  quantities  of  blood  by  contract- 
ing (WoBM  MtJLLEE).  A  loss  of  blood  to  J  of  the  quantity  reduces 
the  blood -pressure  considerably,  and  a  loss  of  i  of  the  blood  in 
adults  is  dangerous  to  life.  The  faster  the  bleeding  the  more  dan- 
gerous it  is.  New-born  infants  are  very  sensitive  to  loss  of  blood, 
and  likewise  fat.  old,  and  weak  persons  cannot  stand  much  loss  of 
blood.     Women  can  stand  loss  of  blood  better  than  men. 

The  quantity  of  blood  may  be  considerably  increased  by  the  in- 
jection of  blood  from  the  same  species  of  animal  (Panum,  Landois, 
Worm  Mitller,  Ponfick).  According  to  Worm  Mcllek,  the  nor- 
mal quantity  of  blood  may  indeed  be  increased  to  83^  without  pro- 
ducing any  abnormal  conditions  or  continuing  high  blood-pressure. 
An  increase  of  the  quantity  of  blood  to  I50<  may  be  directly  dan- 
gerous to  life  (Worm  MiJLLEit).  If  the  quantity  of  blood  of  an 
animal  is  increased  by  transfusion  with  blood  of  the  same  kind  of 
animal,  an  abundant  formation  of  lymph  takes  place.  The  water  in 
excess  is  eliminated  by  the  nrine;  and  as  the  albumin  of  the  blood 
serum  is  quickly  decomposed,  while  the  red  blood -oorpuscles  are 
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destrojFed  much  more  slowly  (Tschiejew,  Forsteh,  Pamcm,  Wobu 
Muller),  a  polyoythwtnia  ia  gradually  produced. 

If  blood  of  another  kind  ia  transfused,  then  under  certain  con- 
ditions, according  to  the  quantity  of  blood  introduced,  more  or  less 
menacing  aymptomB  appear.  These  appear,  for  instance,  when  the 
blood-corpuBclea  of  the  receiver  are  dieaolved  easily  by  the  Bcnim  of 
the  introduced  blood,  as,  for  example,  the  blood-corpuBcleB  of  rab- 
bits on  traoBfusion  with  a  diSerent  kind  of  blood,  or  the  revt>rsc, 
when  the  blood-corpuBcIes  of  the  tranBfused  blood  are  diseolved  by 
the  blood  of  the  receiver;  for  instance,  when  the  blood  of  a  dog  ia 
transfused  with  rabbit's  or  Iamb's  blood,  or  the  blood  of  a  man  with 
lamb's  blood  (Landois).  Before  dissolving,  the  blood-corpuscles 
may  unite  in  tough  agglomerated  heaps,  which  clog  op  the  smaller 
veBsela  (Landois).  On  the  other  hand,  the  stromata  of  the  dtssolved 
blood -corpuscles  may  also  give  riao  to  an  extensive  intravascular 
coagulation  causing  death. 

The  transfusion  should  therefore  when  possible  bo  made  with 
the  blood  of  the  aiime  kind  of  animal,  and  for  the  resuscitating 
action  ot  the  blood  it  is  immaterial  whether  or  not  it  contains  the 
fibrin  or  the  mother-subetance  of  the  same.  The  action  of  trans- 
fused blood  depends  on  its  blood-corpuecleB,  and  therefore  defibri- 
nated  blood  acts  just  like  non-defibrinated  (Pakuu,  Lan^dois). 

The  quantity  of  blood  in  the  different  organs  depends  essentially 
on  the  activity  of  the  same.  During  work  the  exchange  of  mate- 
rial in  an  organ  is  more  active  than  when  at  rest,  and  the  increased 
exchange  of  material  ia  combined  with  a  more  abundant  flow  of 
blood.  Although  the  total  quantity  of  blood  in  the  body  remains 
constant,  the  distribution  of  the  blood  in  the  various  organs  may 
b6  different  at  different  times.  Aa  a  rule,  the  quantity  of  blood  in 
an  organ  can  be  an  approximate  measure  of  the  more  or  less  active 
exchange  of  material  going  on  in  the  same,  and  from  this  point  of 
vipw  the  distribution  of  the  blood  in  the  different  organs  and  groups 
of  organs  ia  of  interest.  According  to  Rajike,  to  whom  we  are 
especially  indebted  for  our  knowledge  of  the  relationship  of  the 
activity  of  the  organs  to  the  quantity  of  blood  contained  therein,  of 
the  total  quantity  of  blood  (in  the  rabbit)  about  }  comes  to  the 
■ueolea  in  rest,  i  to  the  heart  and  the  larg^  blood-vesaels.  i  to  the 
[   Hver,  and  |  to  the  other  organs. 


CHAPTER  V. 
CHYLE.  LYMPH.  TRANSUDATIONS  AND  EXUDATIONS. 

I.  Chyle  and  Lymph. 

From  the  close  relationship  which  exists  between  blood  and 
lymph,  and  the  dependence  which  the  formation  of  lymph  has  upon 
the  blood-circulation  and  the  blood-pressure,  it  is  to  be  expected  that 
a  close  correspondence  in  the  chemical  constitution  between  blood- 
plasma  and  lymph  should  exist.  The  lymph  is  generally  considered 
as  transudated  plasma.  Qualitatively  the  lymph  contains  the  same 
substances  as  the  plasma.  The  essential  difference  is  of  a  quantita- 
tive nature  and  consists  in  that  the  lymph  is  poorer  in  albumin. 
No  essential  chemical  difference  has  been  found  between  the  lymph 
and  the  chyle  of  starving  animals.  After  the  assimilation  of  fatty 
food  the  chyle  differs  from  the  lymph  in  its  wealth  of  minutely- 
divided  fat-globules  which  give  it  a  milky  appearance;  hence  the 
old  name  **  milk-juice." 

Chyle  and  lymph,  as  well  as  the  plasma,  contain  serum  albumin, 
serum  fflobulin,  fibrinogen,  and  fibrin  fermsnt.  The  two  last-men- 
tioned bodies  occur  only  in  very  small  amounts;  therefore  the 
chyle  and  lymph  coagulate  slowly  (but  spontaneously)  and  yield  but 
little  fibrin.  Like  other  liquids  poor  in  fibrin  ferment,  chyle  and 
lymph  do  not  at  once  coagulate  completely,  but  repeated  coagula- 
tions take  place. 

The  extractive  bodies  seem  to  be  the  same  as  in  plasma.  01  u cose 
is  found  in  about  the  same  quantity  as  in  the  blood-serum 
(v.  Merino),  but  in  larger  quantities  than  in  the  blood  (Poiseu- 
ILLE  and  Lkport,  Ginsberg);  this  depends  on  the  fact  that  the 
blood-corpuscles  contain  no  glucose.    The  amount  of  urea  has  been 
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determiueil  by  Wubtz  as  0.12-0.28  p.m.  The  mineral  hod  iesa^^eax 
to  be  the  stitne  oa  in  plasma. 

Ah  form-elemeiita  levcori/ieti  and  red  blood-corpuscles  are  com- 
mon to  both  chyle  and  lymph.  When  it  haa  not  left  the  connivent 
ralvea  chyle  containa  very  few  leucocytea,  hnt  in  the  veaaels  mov- 
ing on  the  jwritoneal  aide  of  the  inteatinea  it  is  richer  in  lenco 
cytes.  The  greateat  quantity  of  leucocytes  is  found  in  the  chyle 
between  the  great  mesenteric  gland  and  the  cistema  chyli.  The 
chyle  ia  poorer  in  leucocytes  in  the  thoracic  duct,  probably  because 
a  mixing  takea  place  here  with  lymph,  from  other  parts  of  the  body 
that  is  poorer  iu  forra-constituenta. 

The  red  blood-corpnaclea  occnr  in  the  chyle  and  lymph  in  very 
small  quantities.  In  these  liquids,  which  seem  to  be  free  from 
oxygen,  the  blood-corpuscles  are  darker-colored,  and  only  after  they 
have  come  in  contact  with  the  air  do  they  have  the  light-red  color 
of  oxyhsemoglobin  and  give  the  surface  of  the  fibrin  clot  a 
beautiful  light-red  appearance.  It  has  been  auggeated  that  tliis  red 
color  originatea  from  the  transition  forma  between  red  and  white 
blood-corptiseles,  in  which  blood-coloring  matters  are  first  formed  by 
the  action  of  the  oxygen. 

The  chyle  of  starving  animals  haa  the  appearance  of  lymph.  After 
partaking  of  fat  or  food  rich  in  fat  it  ia  milky,  and  this  ia  partly 
due  to  the  presence  of  large  fat-globules,  as  in  milk,  or  partly,  and 
indeed  chiefly,  the  finely-divided  fat.  The  nature  of  the  fait 
occurring  in  the  chyle  depends  on  the  variety  of  fat  iu  the  food. 
The  disproportionally  greater  part  conaiata  of  neutral  fats,  and  even 
after  feeding  with  abundant  amounts  of  free  fatty  acida  Munk  and 
Lkbkdefp  found  in  the  chyle  chiefly  neutral  fats  with  a  small 
quantity  of  fatty  acids  or  aoapa. 

The  gagef  of  the  chyle  have  not  been  studied,  and  it  seems 
that  the  gases  of  an  entirely  normal  human  lymph  have  not  thus  far 
been  investigated.  The  gaaea  from  dog-lymph  contiiiu  only  traces 
of  oxygen  and  consist  of  37,4-53. l;i  CO,  and  l.li*  N  (acthor)  calcu- 
lated at  U"  C.  and  760  mm.  mercury.  The  chief  mass  of  the  carbon 
I  dioxide  of  the  lymph  seems  to  be  firmly  chemically  combined. 
Comparative  analyses  of  blood  and  lymph  have  shown  that  the 
lymph  contains  more  carbon  dioxide  than  arterial  but  leas  than 
TBDOUB  blood.      The  tension  of  the  carbon  dioxide  of  lymph  is, 
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according  to  PflIIger  and  Strassbukq,  smaller  than  in  venous  but 
greater  than  in  arterial  blood. 

The  quaniitative  constitution  of  the  chyle  must  naturally  be  very 
variable.  The  analyses  thus  far  made  refer  only  to  that  mixture  of 
chyle  and  lymph  which  is  obtained  from  the  thoracic  duct.  The 
specific  gravity  varies  between  1.007  and  1.043.  As  example  of 
the  constitution  of  human  chyle  we  will  here  give  two  analyses. 
The  first  is  by  Owen-Rees,  of  the  chyle  of  an  executed  person,  and 
the  second  by  Hoppe-Seyleb,  of  the  chyle  in  a  case  of  rupture  of 
the  thoracic  duct.  In  the  latter  case  the  fibrin  had  previously 
separated.    The  results  are  in  1000  parts. 


No.  1. 

Water 904.8 

Solids 95.1 

Fibrin traces 

Albumin 70.8 

Fat 9.2 

Remaining  organic  bodies  10.8 

Salte 4.4 


No.  2. 

940.72  water 
59.28  solids 


36.67  albumin 

7.28  fat 

2.85  soaps 
''0.83  lecithin 

1.32  cholesterin 

3.68  alcohol  extractives 

0. 57  water  extractives 
yft.80  soluble  sal  U 
{  0.85  insoluble  salts 


The  quantity  of  fat  is  very  variable  and  may  be  considerably  in* 
creased  by  partaking  food  rich  in  fats. 

A  great  many  analyses  of  chyle  from  animals  have  been 
made,  and  they  chiefly  show  the  fact  that  the  chyle  is  a  liquid  with 
a  very  changeable  composition  which  stands  closely  related  to  blood- 
plasma,  but  with  the  chief  difference  that  it  contains  more  fat  and 
less  solids.  The  reader  is  referred  to  special  works  for  these 
analyses,  as,  for  example,  to  v.  Gorup-Besanez's  "  Lehrbuch  der 
physiologischen  Chemie,"  4th  edition. 

The  composition  of  the  lymph  is  also  very  changeable,  and  it» 
specific  gravity  shows  about  the  same  variation  as  the  chyle.  In 
the  following  analyses,  1  and  2,  made  by  Gubler  and  QuEVENNBy 
are  the  results  obtained  from  lymph  from  the  upper  part  of  the 
thigh  of  a  woman  aged  «S9 ;  and  3,  made  by  v.  Scherer,  is  an  analysis 
of  lymph  from  the  sac-like  dilated  vessels  of  the  spermatic  cord.  No. 


8 

4 

d57.6 

955.4 

42.4 

44.6 

0.4 

2.8 

84.7) 

•  •  •  •    ^ 

84.9 

) 

7.8 

7.5 
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4  was  made  by  C.  Schm idt,  the  data  beiug  obtaiDed  from  lymph 
from  the  neck  of  a  oolt.    The  results  are  in  parts  per  1000. 

1  2 

Water 989.9  984.8 

Solids 60.1  65.2 

PibriD 0.5  0.6 

Albumin 42.7  42.8 

Fat,  cbolesterin.  ledthin  8.8  9.2 

ExtractiTe  bodies 5.7  4.4 

Salts 7.8  8.2 

The  mixture  of  salts  found  by  C.  Schmibt  in  the  lymph  of  the 
horse  has  the  following  composition,  calculated  in  parts  per  1000 
parts  of  the  lymph: 

Sodium  chloride 5.67 

Soda 1.27 

Potash 0.16 

Sulphuric  add 0.09 

Phosporic  acid  uuited  with  alkalies 0.02 

Earthy  phosphates 0.26 

Under  pathological  conditions  the  lymph  may  be  so  rich  in 
finely-divided  fat  that  it  appears  like  chyle.  Such  lymph  has  been 
investigated  by  Hensrv  in  a  case  of  lymph  fistula  in  a  ten-year-old 
boy,  and  by  Lako  in  a  case  of  lymph  fistula  in  the  left  upper  part 
of  the  thigh  of  a  girl  of  seventeen.  The  lymph  investigated  by 
Hensek  contained  as  an  average  of  nineteen  analyses  19  p.  m.  of 
fat  and  0.6  p.  m.  of  cholesterin^  while  that  investigated  by  Lang 
contained  24.8  p.  nu  of  fat. 

The  quantity  of  chyle  and  lymph  must  naturally  change  con- 
siderably, therefore,  for  this  and  other  reasons,  the  calculations  of 
the  quantity  in  24  hours  are  not  to  be  depended  upon.  The  food 
plays  a  very  important  role  in  the  quantity  of  chyle  and  lymph. 
Nasbe  has  obserred  in  dogs  that  the  formation  of  lymph  is  36<( 
more  after  feeding  with  meat  than  after  feeding  with  potatoes,  and 
about  54^  more  than  after  24  hours'  deprivation  of  food. 

The  amount  of  Ijrmph  iii  increased  by  the  following  influences, 
namely,  by  increasing  the  total  quantity  of  blood,  as  by  transfusion 
of  blood  (Worm  Mullek;,  rawing  the  blood-pressure  (Ludwio  and 
ToMSA),  increa<«ed  influx  of  tb^;  arterial  blood  (Ludwig,  Ragowicz. 
GiAJTuzzi),  and,  above  all,  by  preventing  the  discharge  of  the  blood 


CHTLE.  LYMPH.  TliAKSUDATlONS  AJfD  EXUDATIONS.     121 

by  tying  the  veins  (Bidder,  Eumikohaus,  Weiss).  The  qaiuttity 
of  lymph  ia  alao  increaaod  by  strong  active  or  paBsive  mnacalar 
movements  (Lesheb).  On  poisoniiig  with  curam  the  secretion  of 
lymph  is  increased  {Puschptin,  Lebsek),  and  the  solids  of  the 
iymph  are  also  increased  at  the  same  time. 


II.  Transudations  and  Exudations. 


The  serous  membranes  are  normally  kept  moistened  by  liquids 
whose  quantity  is  only  eiiflit^ient  in  a  few  instances,  as  in  the 
pericardial  cavity  and  the  arachnoid  membrane,  for  a  complete 
chemical  analysis  to  be  made  of  them.  Under  diseased  conditions 
an  abundant  transudation  may  take  place  from  the  blood  into  the 
serous  cavities,  into  the  subcutaneous  tissues,  or  under  the  epi- 
dennis;  and  in  this  way  pathological  transudations  are  formed. 
Such  true  transudations,  which  are  similar  to  lymph,  are  generally 
poor  in  form-elements  and  leucocytes,  and  yield  only  very  little  or 
almost  no  fibrin,  while  the  inflammatory  transudations,  the  ao-called 
exudations,  are  generally  rich  in  leucocytes  and  yield  proportionally 
more  fibrin.  As  a  rule,  the  richer  a  transudation  is  in  leucocytes 
the  closer  it  stands  to  pus,  while  when  it  has  a  diminished  quantity 
of  leucocytes  it  is  more  nearly  like  real  transudations  or  lymph. 

It  is  ordinarily  accepted  that  titration  is  of  the  greatest  im- 
portance in  the  formation  of  transudations  and  exudations.  The 
facts  coincide  with  this  view,  namely,  that  all  these  fluids  contain 
the  salts  and  extractive  bodies  occurring  in  the  blood-plasma  in 
about  the  same  quantity  as  the  blood. plasma,  while  the  amount  of 
albumin  is  habitually  smaller.  While  the  different  fluids  belong- 
ing to  this  group  have  about  the  same  quantities  of  salts  and 
extractive  bodies,  they  differ  from  each  other  chiefly  in  containing 
differing  quantities  of  albumin  and  form -elements,  as  well  aa 
varying  quantities  of  trans  formation  and  decomposition  products 
of  these  latter — changed  blood-coloring  matters,  choleaterin,  etc., 
etc'  The  largest  quantity  of  albumin  habitually  occurs  in  in- 
flammatory processes  with  changed  permeability  of  the  walls  of 
the  veseela.  The  condition  of  the  capillaries  in  the  different 
TMBcnlar  regions  affects  the  amount  of  albumin.     For  example,  the 
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amount  of  albumin  in  the  pericardial,  PLErRAL,fuid  pebitokbal 
FLUIDS  is  considerably  greater  than  in  those  fluids  which  are  found 
intheABACHNOin  membrane,  in  the  suB-cuTANEOua  tissues,  or  in 
the  AQUEOirs  htmur.  The  ootidition  of  the  blood  also  greatly 
affects  the  trangudationg,  for  in  bydnemta  the  amount  of  albmnin 
in  the  tmnsnilation  is  very  small.  With  the  increase  of  the  age  of 
a  traoaudation,  of  a  hydrocele  fluid  for  instaucu,  the  quantity  of 
albumin  is  increased,  probably  by  resorption  of  water,  and  iiideed 
exceptional  cases  may  occur  in  which  the  amount  of  albumin,  with- 
out any  previous  bleeding,  is  greater  than  in  the  blood-serum. 
It  is  natural  to  suppose  that  the  state  of  the  circulation  and  the 
pressure  must  have  an  influence  on  the  quantity  and  composition 
of  the  transudation  even  though  their  action  is  little  known.  By 
increasing  the  vein-pressure  Senator  caused  an  increase  in  the 
quantity  of  transudation  and  the  amount  of  albumin  contained 
therein,  while  the  amount  of  salts  was  not  essentially  changed.  Of 
the  variation  in  the  amount  of  albumin  by  simple  arterial  hyperemia 
nothing  is  positively  known. 

The  gose»  of  the  transudations  consist  of  carbon  dioxide  besideB 
small  amounts  of  nitrogen  and  traces  of  oxygen.  The  tension  of 
the  carbon  dioxide  is  greater  in  the  transudations  than  in  the  blood 
(Ewald).  On  mixing  with  pua  the  amount  of  carbon  dioxide  ia 
decreased. 

The  fxtraeliivs  are,  as  above  stated,  the  same  as  in  the  blood- 
plasma:  but  sometimes  extractive  bodies  occur,  such  as  allantotQ 
in  iJropflieal  fluids  (Moscatelli),  which  have  not  been  detected  in 
the  blood.  I'rea  seems  to  occur  in  very  variable  amounts.  Olucnue, 
or  at  least  a  aubstance  which  reduces  copper  oxide  in  alkaline 
liquids,  occurs  in  most  transndations.  Suceinie  add  has  been 
Toand  in  a  few  cases  in  hydrocele  fluids,  while  in  other  cases  it  is 
itirelyabMciit,  /.ewin  and  /i/rosin  have  been  fonnd  in  transuda- 
>ni!  from  diseased  livers  and  in  pus-like  transudations  which  have 
lOComposed,  Among  other  extractives  fonnd  in  transudations  we 
inst  mention  urir  acid,  allanloin,  xanthin,  crtatin,  inosii,  and 
roealffhin. 

As  abovff  stated,  irreepective  of  the  varying  number  of  form- 

lente  cont^ned  in  the  different  transudations,  the  quantity  of 
in  is  the   most  chaniotcristic  chemical  distinction  in  their 
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compoBitioD;  therefore  s  qaantitative  analysis  is  of  litUe  impor- 
tance except  iu  determining  the  quantity  of  alhuniin. 

Fericardial  Fluid.  The  quantity  of  this  fluid  is  also,  under 
certain  physiological  conditions,  so  largo  that  a  sufficient  quantity 
for  chemical  investigation  was  obtained  from  a  person  who  had  been 
eiecuted.  This  fluid  is  lemon-yellow  in  color,  somewhat  sticky, 
and  yields  more  fibrin  than  other  transudations  (6-8  p.  m.).  The 
amount  of  solids,  according  to  the  analyses  performed  hy  v.  GoRDi'- 
Besanbz.  Wachsml'Th,  and  Hoppe-Seylbe,  is  37,5-44.9  p.  m.,&nd 
the  amount  of  albumin  m  22.8-24.7  p.  m.  In  a  case  of  chyloperi- 
cardium,  which  was  probably  due  to  the  rupture  of  a  chylus  vessel 
or  caused  by  a  capillary  exudation  of  chyle  beuause  of  stowing, 
IIaseuroek  found  in  lUUO  parts  of  the  analyzed  fluid  103.61  parts 
solids,  73.79  albuminous  bodies,  10.77  fat,  3.34  choleeterin,  1.77 
lecithin,  and  9.34  suits. 

The  pleural  fluid  occurs  under  physiological  conditions  iu  such 
smalh  quantities  that  a  chemical  analysis  of  the  same  cannot  bd 
made.  Under  pathological  conditions  this  fluid  may  show  very 
variable  properties.  In  a  few  cases  it  is  nearly  serous,  in  others 
again  sero-flbrinous,  aud  in  others  similar  to  pus.  There  is  a 
corresponding  variation  in  the  speciflc  gravity  and  the  properties  in 
general.  If  a  pua-like  exudation  is  kept  closed  for  a  long  time  in 
the  pleural  cavity,  a  more  or  less  complete  maceration  and  solution 
of  the  pus -corpuscles  is  found  to  take  place.  The  ejected  yellowish- 
brown  or  greenish  fluid  may  then  be  as  rich  in  solids  aa  the  blood- 
serum;  and  an  abundant  flocculent  precipitate  of  a  neucleo-nlbnmin 
{the  pijin  of  early  writers)  may  be  obtained  on  the  addition  of 
acetic  acid.  This  precipitate  is  soluble  with  difficulty  by  adding  an 
excess  of  acetic  acid. 

According  to  Mebit,  who  has  investigated  a  great  number  of 
pleural  fluids,  the  specific  gravity  is  generally  higher  than  1.020  in 
acute  pleurisy,  the  amount  of  solids  is  fi.5  p.  m..  and  the  quantity 
of  fibrin  not  higher  than  1.2  p.  m.  In  chronic  plecrisy  with  gath- 
ering of  pua  the  specific  gravity  is  higher  than  1.018  and  may  rise  to 
1.034  faccording  to  the  observations  of  the  author  it  may  rise  indeed 
to  1.O30).  The  quantity  of  solids  may  in  these  cases  be  60-70  p.  m. 
or  even  more— 90-100  p.  m.  (author).  Fibrin  is  absent.  In  di»- 
tnrbed  circulation,  as  in  cirrhosis  of  the  liver  or  in  heart  troubles. 
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the  apeoific  gravity  U  uaually  lower  than  1,015  and  the  quantity  of 
Bolids  uveruges  tiU-30  p,  m. 

The  quantity  of  peritoneal  fluid  is  very  small  under  physiologi- 
cal conditions.  The  inveatigationa  refer  only  to  the  fluid  under 
dieeaaed  conditions  (dropsical  or  ascites ^fluid.)  The  color,  trans- 
parency, and  consistency  of  these  may  vary  greatly. 

In  cachectic  conditions  the  fluid  ia  nearly  colorleaa,  milky-opal- 
escent, watery,  does  not  coagulate  spontaneously,  is  of  a  very  low- 
specific  gravity,  1.005-1.015,  and  nearly  free  from  form-couatituentM, 
In  carcinomatous  peritonitia  it  may  have  a  cloudy,  dirty-gniy  appear- 
ance due  to  ita  richoeas  in  form-elements  of  various  kinds.  The 
apecific  gravity  ia  then  higher,  the  quantity  of  solida  greater,  and  it 
often  coagulates  spontaneously.  In  inflammatory  processes  it  ia 
straw-  or  lemon-yellow  in  color,  somewhat  cloudy  or  reddish,  due  to 
leucocytes  and  red  blood-corpuscles,  and  from  great  richnesa  in  leu- 
cocytes it  may  appear  more  like  pus.  It  coagulates  spontaneously, 
may  be  relatively  richer  in  solids,  and  may  have  a  apecific  gravity 
of  1.030  or  more.  By  rupture  of  a  chylous  vessel  the  dropsical 
fluid  may  be  rich  in  very  finely-emulaified  fat  (cHYLors  ascites). 
In  snch  cases  3.86-10.30  p.  m.  fat  has  been  found  in  the  dropsical 
fluid  (GtiiNOCHET,  Hay).  By  admixture  of  this  fluid  with  the 
fluid  from  an  ovarian  cyst  it  may  sometimes  contain  pseudomucin 
{see  Chapter  XI).  We  also  have  cases  in  which  the  aacitical  fluid 
contains  mucoids  which  may  be  precipitated  by  alcohol  after 
removal  of  the  albumins  by  coagulation  at  boiling  temperature. 
Such  Bubstanoee,  which  yield  a  reducible  substance  on  boiling  with 
Bcids,  have  been  found  by  the  author  in  tuberculous  peritonitis  and 
in  cirrhosis  hepatis  syphilitica. 

In  order  to  show  the  amount  of  albumin  in  ascitic  fluids  we 
pve  below  the  reeulta  of  Runebeeg's  analyses.  They  are  in  parte 
per  1000  i>arts  of  the  fluid. 

Max.        Hill-    ATerage. 
AMiiic  fluid  In  hrdnemio. 4. 1  0.2       .2.1 


'  porlal  obstruction. . 

'  he»rt  diwoac. sa,u 

'  cut-in omaUiUB  periton ills.  54.3 


16.1 


Un»  hu  alM  bren  found  la  aw^tjcal  Quids,  anmelimes  only  as  traces,  some 
times  Id  It.rgtt  qiunlliim  (4  p.  m.  in  nllimnlniirln).  klso  uric  aeid,  oUiiiUaiB  ii 
cfatim^  of  th«  ilnr  (MuecATSLU),  »ant/iin.  emtUn.  eAoteilerin.  and  glueot. 
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Hydrocele  and  Spermatocele  Fluids.  These  fluids  differ  from 
each  other  in  various  ways.  The  hydrocele  fluids  are  generally 
colored  light  or  darker  yellow^  sometimes  brownish  with  a  shade  of 
green.  They  have  a  relatively  higher  specific  gravity,  1.016-1.026, 
with  a  variable  but  generally  higher  amount  of  solids,  an  average  of 
60  p.  m.  They  sometimes  coagulate  spontaneously,  sometimes  only 
after  the  addition  of  fibrin  ferment  or  blood.  They  contain  as 
form-elements  chiefly  leucocytes.  Sometimes  they  contain  smaller 
or  larger  amounts  of  cholesterin  crystals. 

The  spermatocele  fluids,  on  the  contrary,  are  as  a  rule  colorless, 
thin,  cloudy  like  water  mixed  with  milk.  They  sometimes  have  an 
acid  reaction.  They  have  a  lower  specific  gravity,  1.006  to  1.010,  a 
lower  amount  of  solids — an  average  of  about  13  p.  m., — and  do  not 
coagulate  either  spontaneously  or  after  the  addition  of  blood.  They 
are,  as  a  rule,  poor  in  albumin  and  contain  spermatozoa,  cell-detru 
tuSy  and  fat-globules  as  form -constituents.  To  show  the  unequal 
composition  of  these  two  kinds  of  fluids  we  will  give  the  average 
results  (calculated  in  parts  per  1000  parts  of  the  fluid)  of  17  analy- 
ses of  hydrocele  fluids  and  4  of  spermatocele  fluids  made  by  the 

author : 

Hydrocele.      Spermatocele. 

Water 938.35  986.33 

Solids 61.15  13.17 

Fibrin  0.59                 

Globulin 13.53  0.59 

Serum  albumin 35.94  1.82 

Ether  extractive  bodies 4.02  ) 

Soluble  salts 8.60  V  10.76 

Insoluble  salts 0.66  ) 

In  the  hydrocele  fluids  traces  of  urea  and  a  reducing  substance  have  been 
found,  and  in  a  few  cases  also  succinic  acid  and  inasit. 

Cerebrospinal  Fluid.  This  fluid,  which  in  certain  respects  is 
more  of  a  secretion  than  a  transudation  (C.  Schmidt,  Hallibur- 
ton), is  thin,  water-clear,  and  has  a  low  specific  gravity  (1.005). 
It  is  very  poor  in  solids,  10-15  p.  m.,  and  ordinarily  contains  about 
10  p.  m.  albumin.  This  albumin  is  generally  a  mixture  of  globu- 
lin and  alhumose ;  occasionally  some  peptone  occurs,  and  more 
rarely,  in  special  cases,  serum  albumin  appears  (Halliburton). 
An  optically  inactive,  non-fermentable,  reducible  substance,  seem- 
ingly pyrocatechin  (Halliburton),  has  been  observed  in  this  fluid- 
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The  older  statement  that  the  cerebro-spinal  fluid  differs  from  the 
transudations  In  a  greater  wealth  of  potasBium  salts  has  not  been 
confirmed  by  recent  investigations. 

Aqueous  Humor.  This  fluid  is  clear,  alkaline,  and  has  a  specific 
gravity  of  1.003-1.009.  The  amonnt  of  solids  is  on  an  average  13 
p.  m.  and  the  amount  of  proteids  only  0.8-1. U  p.  m.  The  proteids 
consists  of  about  equal  parts  serum  globulin  and  globulin  (Kahn). 
According  to  Gruenhagen,  it  contains  pariilactic  acid,  another 
dextro-gyrate  substance,  and  a  reducible  body  which  is  not  similar 
to  glucose  or  dextrine. 

Blister-flnid.  The  content  of  blisters  caused  by  bums,  and  of 
vesicator  blisters  and  the  blisters  of  the  pemphigus  chronicus,  ia 
generally  a  fluid  rich  in  solids  and  albumin  (40-65  p.  m.).  This 
is  especially  true  of  the  contents  of  vesicatory  blisters,  which  also 
contain  a  substance  that  reduces  copper  oside.  The  fluid  of  the 
pemphigus  is  slimy  and  alkaline  in  reaction. 

The  fluid  of  subcutaneous  cedema.  This  is,  as  a  rule,  very  poor 
in  solids,  purely  serous,  does  not  contain  fibrinogen,  and  has  a  spe- 
cific gravity  of  1.005  to  I.OIO.  The  quantity  of  proteida  is  in  most 
cases  lower  than  10  p.m., — according  to  Hoffmann  1-8  p.m., — and 
in  senons  affections  of  the  kidneys,  generally  with  amyloid  degen- 
eration, less  than  1  p.  m,  has  been  shown  (Hoffmann).  The 
cedema  fluid  also  habitually  contains  urea,  1-2  p.  m.,  and  also  a 
reducible  sitbulancs. 

The  VLUii>  or  the  tapeworm  rysl  is  related  to  the  transudatlDns.  It  Is 
poor  !□  proteida,  tbln  nod  colorlegs.  and  has  h  specific  gravilj  of  I.OOS- 
1.015      The  qiiaiitiiy  iif  (soUds  is  14-'J0  p.  m,     Tbe  chcinicar  conatiluenls  iire 

SttMom  (2.5  p.  m.).  humU,  lnice«  ot  uroa.  creatia.  tfKeinie  acid,  and  bhIis  (8.3- 
.7  p.  ni.).  Alliumin  is  ouly  found  Id  traces,  atid  llien  only  afier  au  iiiflani- 
miitory  irritatloa.  In  the  last-mentiooed  case  7  p.  m.  albumin  has  beeo  found 
Id  the  fluid. 

The  SjrnoTial  Fluid  and  Fluid  in  Synovial  Cavities  around  Joints, 
etc.  The  synovia  is  hardly  a  transudation,  but  it  is  often  treated 
as  an  appendix  to  the  transudations. 

The  ayuovia  is    an  alkaline,  sticky,    fibrous,  yellowish   fluid 

which  18  ol^tijy^  from  the  presence  of  cell-nuclei  and  remains  of 

^^~^T        «3e]lB,  but  is  sometimes  clear.     It  contains  also,  besides 

I  '*  ^*^(}  m1^'  *  mucin-like  nucleoalbumin.    The  presence  of 

*^^1/ias  ijo^  been  shown.    The  composition  of  synovia  is 
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not  constant,  but  varies   in   rest   and   in   motion.     In   the   last- 
mentioned  case  the  quantity  of  fluid  is  less,  but  the  amount  of  the 
mncln-tiks  body,  albumin,  and  of  the  extractive  bodies  is  greater, 
while  the  quantity  of  salts  is  diminished.     This  may  be  seen  from  1 
the  following  analyses  by  Fbebichs.     The  figures  represent  parts  \ 
per  1000. 

L  3riioTl«  from  U.  8)fno»U  troQl 

a  stall  red  Ol.  a  Fhild-Cad  OK. 

Water 969.8  B4fi.O 

Solirts 30.1  51.5 

Miicln-llke  body 3.4  5.8 

Albumiu  and  extractives 1B.7  35.1 

Fat 0.6  0.7 

Salts 11.8  0.9 

The  synovia  of  new-born  babes  corresponds  to  that  of  resting 
animals.  The  fluid  of  the  brusie  mucosje,  as  also  the  fluid  in  the 
synovial  cavities  around  joints,  etc.,  is  similar  to  synovia  from  a 
qualitative  standpoint. 

III.  The  Pus. 

Pna  is  a  yellowish-gray  or  yellowiah-green,  creamy  mass  of  »  I 
Isint  odor  and  an  unsavory,  sweetish  taste.     It  consists  of  a  fluid,  1 
the  pus-/ierum,  in  which  solid  particles,  the  pun-cells,  swim.     The   < 
number  of  these  cells  varies  so  considerably  that  the  pus  may  at 
one  time  be  thin  and  at  another  time  so  thick  that  it  scarcely  con- 
tains a  drop  of  serum.     The  specific  gravity,  therefore,  may  also 
greatly  vary,  namely,  between  1.030  and  1,040,  but  ordinarily  it  is 
1.031-1.033.     The  reaction  of  fresh  pus  is  generally  alkaline,  but  it 
may  become  neutral  or  acid  from  a  decomposition  in  which  fatty 
acids,  glycero-phosphoric  acid,  and  also   lactic   acid  are  formed. 
It  may  become  strongly  alkaline  when  putrefaction  occnni  with 
the  formation  of  ammonia. 

In  the  chemical  investigation  of  pus  the  pus-serum  and  the 
pus-corpuscles  must  be  studied  separately. 

Pus-serum.  Pus  does  not  coagalate  spontaneously  nor  after 
the  addition  of  deflbrinated  bloml.  The  fluid  in  which  the 
pns-corpuscles  are  suspended  is  not  to  be  compared  with  the 
plasma,  but  rather  with  the  serum.  The  pus-serum  is  pale  yellow, 
yellowish  green,  or  brownish  ydlow.  and  has  an  alkaline  reaction. 
It  contains,  for  the  most  part,  the  same  constituents  as  the  blood- 
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serum;  but  Bometimes  besides  these — when,  for  instauce,  the  puB 
has  remaiued  iu  the  body  for  a  loug  time, — it  contains  u  nncleo- 
albunuD  which  is  precipitated  by  acetic  acid  and  soluble  with  great 
difficulty  in  an  excess  of  the  acid  {pyiii  of  the  older  authors). 
This  nucleoalbumin  seems  to  be  formed  from  the  hyaline  substance 
of  the  pus-cells  by  maceration.  The  pus-aerum  contains,  moreover, 
al  least  in  many  cases,  no  fibrin  ferment.  According  to  the  analy- 
ses of  IIopfe-ISevleb,  the  pus-semm  contains  in  1000  parts: 


I. 


U. 


Wntwr 9IS7  90.^.65 

Solids 88.3  »4.3fl 

Allnimiuoiw  bodies 88  23  77.21 

LecUUin 1.50  0  M 

Put 0.28  o.a» 

CliolMierin ^ 0.53  0.87 

Alcoliol  extntcIiTea  - 1.53  0.73 

Water  extnctlTa 11.53  6.93 

[no r^ranlc  salts 7.78  7.77 

The  ash  of  pus-semiii  has  the  following  L-ompositiuu,  calcutnled  to  llMu 
DttrlB  of  the  surum  : 

I.  II. 

NaCl 8.83  B,89 

N«,SO. 0.40  0  81 

N«,HPO. 0.W  0,4B 

Na,CO, 0.4B  1.18 

Ca.lPO,), a4»  0.81 

Mg,(PO.), 0.1»  0.19 

PU.  (in  e.xKsa)    -0.5 

The  pu-GorpoBOlei  are  generally  thought  to  cooaist  in  great 
part  of  emigrated  colorless  blood-corpnsoles  (emigration  hypothesis), 
and  their  chemical  properties  have  therefore  been  ^ven  above.  We 
consider  the  molecular  grain;,  fat-globules,  and  red  blood-corpuscle^!^ 
rather  as  casual  form-elements. 

The  pus-cells  may  be  separated  from  the  serum  by  centrifugal 
force  or  by  decantation  directly  or  after  dilution  with  a  solutiou  of 
sodinm  sulphate  in  water  (1  vol,  saturated  sodium-sulphate  solution 
and  9  vols,  water),  and  then  washed  by  this  same  solution  in  the 
name  manner  as  the  blood-corpuscles. 

The  chief  constituents  of  the  pus-corpuscles  are  albuminous 
bodies  of  which  the  largest  projiortion  seems  to  be  a  nncleoalbnmi- 
ons  substance  which  is  insolubli;  in  water  and  which  expands  into  a 
tongh,  slimy  moss  when  treated  with  a  10^  common-salt  solution. 
TbJA  proteia  sobetance,  which    is  soluble  in  alkali    but  quickly 
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changed  thereby^  is  called  Rovidas's  hyaline  substance,  and  the 
property  of  the  pus  of  being  converted  into  a  slime-like  mass  by  a 
solution  of  common  salt  depends  on  this  substance.  Besides  this 
substance  we  find  in  the  pus-cells  also  an  albuminous  body  which 
coagulates  at  48-49°  C,  as  well  as  serum-globulin  (?),  serum- 
albumin,  a  substance  similar  to  coagulated  albumin  (Miescher), 
and  lastly  peptone  (Hofmeister). 

We  also  find  in  the  protoplasm  of  the  pus-cells,  besides  the 
proteidsy  lecithin,  cholesterin,  xanthin  bodies,  fat,  soaps,  and 
cerebrin  (see  Chapter  X).  Hoppe-Seyler  claims  that  glycogen 
appears  only  in  the  livings  contractile  white  blood-cells  and  not  in 
the  dead  pus-corpuscles.  Salomon  has  nevertheless  found  glycogen 
in  pus.     The  cell-nucleus  contains  nuclein  and  some  lecithin. 

The  mineral  constituents  of  the  pus-corpuscles  are  potassium, 
sodium,  calcium,  magnesium,  and  iron.  A  part  of  the  alkalies  is 
found  as  chlorides,  and  the  remainder,  as  well  as  the  other  bases,  ex- 
ists as  phosphates. 

The  quantitative  composition  of  the  pus-cells  from  the  analyses 

of  Hoppe-Seyler  is  as  follows,  in  parts  per  1000  of  the  dried 

substance : 

I.  II. 

Albuminous  bodies 187.62  ) 

Nuclein 842.67  5.685.86       678.69 

Insoluble  bodies 206. 66  ) 

Lecithin }  t^a  cq  75  64 

Fat i  ^^'^  76.00 

Cholesterin 74.00  72.83 

Cerebri 51.99  J  ini  <u 

Extractive  bodies 44.88  J  "^'^ 

mineral  substances. 

NaCl 4.85 

Ca,(P04), 205 

Mff,(P04), 1.13 

FePO* 1.06 

PO4 9.16 

Na 0.68 

K ti-aces  (?) 

MiESCHER  has  obtained'other  results  for  the  alkali  combinations,  name- 
ly :  potassium  phosphate  12,  sodium  phosphate  6.1.  earthy  phosphate  and  iron 
phosphate  4.2,  sodium  chloride  1.4,  and  phosphoric  acid  combined  with 
organic  substances  8.14-2.08  p.  m. 

In  pus  from  congested  abscesses  which  have  stagnated  for  some 
time  we  find  peptone,  leucin  and  tyrosin,  free  fatty  acids  and 
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volatile  fatty  acids,  each  as  formic  acid,  butyric  acid,  valerianic  acid. 
We  also  sometimes  find  chondHn  (?)  and  glutin  (?),  urea,  glucoM 
(in  diabetes),  biliary  coloriitg  matters,  and  bile  adds  (in  caUrrhal 
icterus). 

Aa  more  specific  but  not  constant  constituents  of  the  pus  we 
must  mention  the  following :  pyin,  which  seems  to  be  a  nacleo- 
albumin  precipitable  by  acetic  acid,  and  ako  pt/tnic  acid  and  chlor- 
rhodinic  acid,  which  have  been  so  little  studied  that  they  cannot  be 
more  fully  treated  here. 

In  many  cases  a  blue,  more  rarely  a  green  color,  has  been  observed 
in  the  pus.  This  depends  on  the  presence  of  a  variety  of  vibrioi 
(Lucbb)  from  which  Fordob  and  LtioKK  have  isolated  a  crystallis- 
able  coloring  matter  partly  blue  and  partly  yellow,  pyocyanin  and 
pyoxanthoae. 

Appendix. 

Lymphatic  Glanda,  Spleen,  etc 

The  lymphatic  Glands.    According  to  Foster  and  Lattebsteh 

and  Halliburton,  we  find  in  the  cells  of  the  lymphatic  glands  the 
tour  albuminous  bodies  previously  mentioned  (Chapter  III,  page  42). 
Albumoaes  and  peptones  may  also  occur  aa  products  of  a  post-mortem 
decomposition.  Besides  the  other  ordinary  tisHue-constituents, 
nich  as  collagen,  elastin,  and  nucletn,  we  find  in  the  lymphatic 
:j;1and8  also  cholesterin,  fat,  glycogeti,  xanthin  bodien  and  adenin 
Kboneckrr),  and  leucin.  In  the  inguinal  glands  of  an  old 
Oman  Oidtmann  found  713.84  p.  m.  water,  285  p.  m.  organic  and 
16  p.  m.  inorganic  substances. 
The  Spleen.  The  pulp  of  the  spleen  cannot  be  freed  from 
Uood.     The  mass  which  is  separated  from  the  spleen  capsule  and 

the  Btructurnl  tissue  by  pressure  and  which  ordinarily  serves  as 

■naterial  for  chemical  investigations  is  therefore  a  mixture  of  blood 
md  ipleen  constituents.  For  this  reason  the  albiimiuuus  bodies  of 
'  spleen  are  little  known.  As  characteristic  constituents  we  have 
mminalee  containing  iron  and  especially  a  protein  substance 
rMch  does  not  coagulate  on  boiling  and  which  is  precipitated  by 
itic  acid  and  fields  an  ash  containing  much  phosphoric  acid  and 
D  oxide  (Schbrbb). 
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The  pulp  of  the  gpleen,  when  fresh,  has  an  alkaline  reaction 
but  quickly  turns  acid,  due  partly  to  the  formation  of  free  paralM- 
tic  acid  and  partly  perhaps  to  glijcero-pkosphoric  acid.  Besides 
these  two  acids  there  have  heen  found  in  the  spleen  also  volatile 
fatly  acids,  as  formic,  acetic,  and  butyric  acids,  &&  well  as  succinic 
acid,  neulral  fats,  cholesterin,  traces  of  leucin,  inosil  (in  oi-apleen), 
scyllit,  a  body  related  to  Inosit  (in  the  spleen  of  plagiostunia), 
glycogen  (in  dog-spleen),  uric  acid,  guanin,  hypoxanlhin,  xanlhin, 
adenin  (Krumecker),  taidjecorin  (Baldi). 

Among  the  constituents  of  the  spleen  the  deposit  rich  in  iron, 
which  consists  of  ferruginous  granules  or  conglomerate  masses  of 
them,  and  closely  studied  by  Nasse,  is  of  special  interest.  These 
iron  grains  develoi>ed  by  the  changiug  of  the  red  corpuscles,  and 
which  also  occur  in  old  thrombi,  are  chiefly  produced  when  stag- 
nant blood-corpu soles  are  not  dissolved,  and  tliey  may  be  formed 
either  eitra-cellular  or  intracellular  when  the  blood-corpuscles  of 
the  colorless  cells  are  taken  up.  This  deposit  does  not  occur  to  the 
same  extent  in  the  spleeu  of  all  animals.  It  is  found  especially 
abandant  in  the  spleen  of  the  horse,  Nassb  on  analyzing  the  grains 
(from  the  spleen  of  a  horse)  obtained  839.2  p.  m.  organic  and  160.8 
p.  m.  inorganic  substances.  These  last  consisted  of  566-736  p.  m. 
Pe.O, ,  305-388  p.  m.  P.O. ,  and  57  p.  m.  earths.  The  organic  aub- 
etances  consisted  chiefly  of  proteids  (660-800  p.  m.),  uuclein,  52 
p.  m.  (maximum),  a  yellow  coloring  matter,  extractive  bodies,  fat, 
cholesterin,  and  lecithin. 

In  regard  to  the  mineral  conslilnenta  it  is  to  be  observed  that 
the  amount  of  iron  is  strikingly  large,  and  further  that  the  amount 
of  sodium  and  phosphoric  acid  is  smaller  than  that  of  potassium 
and  chlorine.  The  amount  of  iron  in  new-born  and  yonng  ani- 
mals is  small  (Lapioque),  in  adnlts  more  appreciable,  and  in  old 
animals  sometimes  considerable.  Nasse  found  nearly  50  p.  m.  in 
the  dried  pulp  of  the  spleen  of  an  old  horse. 

The  (jnantitative  analyses  of  the  human  spleen  by  Oidtmann 
give  the  following  results:  In  men  he  found  7jO-G94  p.  m.  water 
and  2C0-306  p.  m,  solids.  In  that  of  a  woman  he  found  774.8  p.  m. 
water  and  225.2  p.  m.  solids.  The  quantity  of  inorganic  bodies 
was  in  men  4.9-7.4  p.  m.,  and  in  women  9.5  p.  ra. 

In  regard  to  the  pathological  processes  going  on  in  the  spleeu 
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we  mQBt  fipecially  recall  the  abundant  re-formatJon  of  leucocjrtes  in 
leucffimia  and  the  appearaace  of  amyloid  aubataLce  (see  page  39). 

The  physiological  functions  of  the  spleen  are  little  known. 
Some  consider  the  spleen  as  a  melting  organ  of  the  red  blood-cor- 
puBoIes  (KoLLiKER,  KcKEH),  and  the  occurrence  of  the  above-men- 
tioned iron  deposit  aeems  to  confirm  this  view.  Some  (Gerlach, 
FUNKE,  and  others)  regard  the  spleen  as  a  blood-forming  organ. 
Other  investigators  consider  that  steps  in  the  modelling  of  the  red 
blood-corpuscles  occur  in  the  spleen  or  that  young  red  blood-cor- 
pnscleB  occur  in  the  blomi  of  the  splenic  vein. 

The  spleen  has  also  been  claimed  to  play  an  important  part  in 
digestion.  The  organ  is  known  to  enlarge  after  a  meal,  and  this 
enlargement  is  thought  by  Schiff  and  Uebzen  to  be  dependent 
upon  the  filling  of  the  pancreas  with  enzymes.  According  to  the 
above-mentioned  investigators,  after  the  extirpation  of  the  spleen 
the  pancreas  does  not  produce  any  enzyme,  which  digests  albumin, 
but  Heidenueiu  and  Ewald  have  not  been  able  to  confirm  tlua 
fact.  According  to  later  investigations  of  Hbrzen,  an  enzyme 
which  digests  albumin  is  ])roduced  in  the  spleen  during  its  enlarge- 
ment. 

An  increase  in  the  quantity  of  uric  acid  eliminated  occnrs  in  leu- 
oemia  (Rankb,  SALKOWSKi.FLEiscHEKand  PENZOLDT.and  Stadt- 
HAQEX),  while  the  reverse  ot  this  takes  place  under  the  influence 
of  quinine,  which  produces  an  enlargement  of  the  spleen.  We  have 
here  a  rather  positive  proof  that  there  is  a  close  relationship  between 
the  spleen  and  the  formation  of  uric  acid.  If  we  assume  that  the 
zanthin  bodies  are  steps  to  the  formation  of  nric  acid,  then  the  in- 
crease in  the  uric  acid  in  leucsemia  may  perhui>s  depend  on  the  in- 
creased amount  of  zanthiu  bodies  (hyposanthin)  in  the  spleen  in 
this  disease.* 

The  spleen  has  the  same  property  as  the  liver  of  retaining  foreign 
bodies,  meials  and  metalloids. 

The  Tbymtu  bos  been  little  studied.  Besides  proteids  and  sub- 
stanoos  belonging  to  the  connective  group,  we  find  small  quantities 

*  HoBBACZKWSKi  li&B  Utelj  found  in  Die  spleeo  the  £rat  slups  in  tbe  for- 
mallon  of  uric  Hclci.  nnd  be  has  alno  bIiiiwh  tlist  wheo  Che  BplecQ  nnd  blood  of  a 
ralf  an  allowed  lo  act  onench  otber  sC  tlie  tempfraluraof  Ibe  blood  Uid  in  tbe 
prneiico  of  air,  largo  qu&Diltlea  qI  uric  acid  are  formed. 
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of  fat,  leucin,  succinic  acid,  lactic  acid,  and  glucose.  The  large 
quantity  of  xanlhiti  bodies,  chiefly  udenin,  ie  remarkuble — ITa  p.  m. 
in  the  fresh  glaud,  or  19.19  p.  m.  in  the  dried  substance  (Kossel 
and  ScHiKDLEB).  Pota^ium  and  phosphoric  acid  are  the  promi- 
nent mineral  constituents.  Oiuthamn  found  1JD7.U6  p.  m.  water, 
193.74  p.  u.  organic  and  0.2  p.  m.  inorganic  substances  in  the  gland 
of  a  14-daya-old  child. 

The  Thyroid  Gland.  The  chemical  constitnents  of  this  gland 
are  little  known.  Blbmow  has  obtained  a  protein  substance  called 
by  him  "  thyreoprotdue"  by  extracting  the  gland  with  common-salt 
solution  or  by  very  dilute  caustic  potash.  This  body  has  about  the 
same  amount  of  nitrogen  but  smaller  amounts  of  carbon  and 
hydrogen  than  the  proteids  in  general.  The  fluid  found  in  the 
vesicle  sometimes  contains  a  vntciii-Ute  substance  which  is  pre- 
cipitated bj  on  excess  of  acetic  acid.  Besides  these,  other  eub- 
etances  have  been  found  iu  the  extract  of  the  glands,  such  as  leucin, 
xanthin,  h'jperxanthiH,  lactic  and  succinic  acids.  Oidtmann  found 
in  the  thyroid  gland  of  an  old  woman  832.4  p.  m.  water,  176,7  p.  m. 
organic  and  0.9,  p.  m.  inorganic  substances,  lie  found  ITi.l  p.  m. 
water,  323.4  p.  m.  organic  and  4.5  p.  m.  inorganic  substances  in  an 
infant  14  days  old. 

In  "  STRtTBA  cystica"  Hoppb-Setler  found  hardly  any  albu- 
min in  the  smaller  glandular  vessels,  but  an  excess  of  mucin, 
while  in  the  larger  he  found  a  great  deal  of  albmnin,  70-80  p.  m. 
C/tolesterin  is  regularly  found  in  such  cysts,  sometimes  ia  such  large 
quantities  that  the  entire  contents  form  a  thick  mass  of  cholesterin 
plates.  Crystals  of  calcium  oxalate  also  occur  "frequently.  The 
contents  of  the  struma  cysts  are  sometimes  of  a  brown  color  due 
to  decomposed  coloring  matter,  inethiBmoglobin  (and  hiematin  ?). 
Bile-coloring  matters  have  also  been  found  in  such  cysts,  (In  regard 
to  tyxa  paralbumins  and  colloids  which  have  been  found  in  struma 
cysts  and  colloid  degeneration,  see  Chapter  XI.) 

Little  is  known  in  regard  to  the  functions  of  the  thyroid  gland. 
From  a  chemical  standpoint  the  view  is  worth  suggesting  that  the 
80-caIled  myxcedema,  which  is  a  slimy  inflltnttion  of  the  subcuta- 
neous cell-tissue  of  the  head  and  throat  (besides  other  disturbances) 
stands  in  connection  with  the  failing  of  the  activity  of  the  thyroid 
gland.    HoRsLEY  and  llALLiBUitTOV  found  in  monkeys,  but  not  in 
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The  liver^  which  is  the  largest  organ  of  the  body,  stands  in 
close  relationship  to  the  blood-forming  organs.  The  importance 
of  this  organ  in  the  physiological  composition  of  the  blood  is  evi- 
dent from  the  fact  that  the  blood  coming  from  the  digestive  tract, 
laden  with  absorbed  bodies,  must  circulate  through  the  liver  before 
it  is  driven  by  the  heart  through  the  different  organs  and  tissues. 
It  has  been  proved,  at  least  for  the  carbohydrates,  that  an  assimila- 
tion of  the  absorbed  nutritive  bodies  which  are  brought  to  the 
liver  by  the  blood  of  the  portal  vein  takes  place  in  this  organ. 
The  occurrence  of  synthetical  processes  in  the  liver  has  been  posi- 
tively proved  by  special  observations.  It  is  possible  that  in  the  liver 
certain  ammonia  combinations  are  converted  into  urea  or  uric  acid 
(in  birds),  while  certain  products  of  putrefaction  in  the  intestines, 
such  as  phenol,  may  be  converted  by  synthesis  into  ethereal  sul- 
phuric acids  by  the  liver  (Pfluger  and  KocHs).  The  liver  has 
also  the  property  of  removing  and  retaining  heterogeneous  bodies 
from  the  blood,  and  this  is  not  only  true  of  metallic  salts,  which  are 
often  retained  by  this  organ,  but  also,  as  Schifp,  Lautenberoer, 
Jacques,  Heger,  and  Roger  have  shown,  the  alkaloids  are  re- 
tained and  are  probably  partially  decomposed  in  the  liver. 

Even  though  the  liver  is  of  assimilatory  importance  and  purifies 
the  blood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a 
secretory  organ  which  eliminates  a  specific  secretion,  the  bile,  in 
the  production  of  which  the  red  blood-corpuscles  are  destroyed,  or 
at  least  one  of  their  constituents,  the  hsdmoglobin,  is  transformed. 
It  is  generally  admitted  that  the  liver  acts  contrariwise  during  foetal 
life,  at  that  time  forming  the  red  blood-corpuscles. 
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There  U  no  doubt  that  the  chemical  operatioM  going  on  in  this 
organ  are  manifold  and  must  be  of  the  greatest  importance  for  thtt 
organiBiu;  hut  unfortunately  we  know  very  little  about  the  kind 
and  extent  of  these  processes.  Ajnong  Cheni  are  two  principal 
ones  which  will  be  fully  treated  iu  this  chapter,  after  we  have 
firet  deacrihed  the  constituents  and  the  chemical  composition  of  the 
liver.  One  of  these  processes  seems  to  be  of  an  assimilatory  nature 
and  refers  to  the  formation  of  glycogen,  white  the  other  refers  to 
the  production  and  secretion  of  the  bile. 

The  reaction  of  the  liver-cell  is  alkaline  during  life,  but  hecomea 
acid  after  death.  This  change  is  probably  due  to  the  formation  of 
lactic  acid,  causing  a  coagulation  of  the  albumins  of  the  protoplasm 
of  the  cell.  A  positive  difference  between  the  albuminous  bodies 
of  the  dead  and  the  living,  non-coagulated  protoplasm  has  not  been 
observed. 

The  albumittOHS  bodies  of  the  liver  were  first  carefully  investi- 
gated by  pLos'z,  He  found  in  the  watery  extract  of  the  liver  au 
(^buminous  »vi»lanco  which  coagulates  at  -\-  A:.'"  <_'.,  also  a  glohuliii 
which  coagulates  at  +  75°  C,  a  nucleo-aibumin  (F)  which  coagu- 
lates at  -\-  70°  C,  and  lastly  an  albuminous  body  which  is  nearly 
related  to  coagulated  albumin  and  which  is  insoluble  in  dilute 
aoids  at  the  ordinary  temperature,  but  dissolves  on  the  application 
of  heat,  being  converted  into  au  albuminate.  St.  Zaleski  found 
in  the  liver  an  albuminous  body  containing  iron,  in  which  the  iron 
is  more  or  less  strongly  combined,  but  it  is  unknown  what  relation 
this  bears  to  the  albuminous  bodies  isolated  by  Plos'z. 

The/ii(  of  the  liver  occurs  partly  as  very  small  globules  and 
partly,  especially  in  nursing  children  and  sucking  animals,  as  also 
after  food  rich  in  fat.  as  rather  large  fat-droja.  This  infiltration 
of  fat,  which  may  be  made  so  abundant  by  proper  food  that  it  ap- 
pears similar  iu  the  highest  degree  to  a  pathological  fatty  liver, 
begins  in  the  periphery  of  the  acini  and  extends  towards  the  cen- 
tre. If  the  amount  of  fat  in  the  liver  is  increased  by  an  infiltra- 
tion, the  water  decreases  correspondingly,  while  the  quantity  of  the 
other  solids  remains  little  changed.  In  tatty  degeneration  this  is 
different.  In  this  process  the  fat  is  formed  from  the  protoplasm 
«I  the  coll,  and  the  quantity  of  the  other  solids  is  therefore  dimin- 
Isbed  while  the  amount  of  water  is  only  slightly  changed.     To 
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illnatrate  this,  we  give  below  the  results  from  a  normal  liver,  and 
also  the  results  obtained  by  Perls  in  fatty  degeneration  and  fatty 
infiltration.     The  results  are  in  1000  parts, 

w«i«.  F»t.  R«maln[Dg  BhIUb. 

Nonniil  liYor 770  30-35            8U7-llKi 

Fatty  degeneration BIO  87                    97 

Fatly  inUllralion 620  190-240          ie4-l« 

Among  the  extractive  substances  besides  glycogen,  which  will 
De  treated  of  later,  we  find  rather  large  quantities  of  xanlhin 
bodies.  KosasL  found  in  1000  parts  of  the  dried  substance  1.97 
p.  m.  guaniti,  1.34  p.  m.  hi/poxanthin,  and  1.21  p.  m.  xanthin. 
Adenin  is  also  contained  in  the  liver.  In  addition  there  have  been 
found  Wren  and  uric  acid  (especially  in  birds),  and  indeed  in  larger 
qnantities  than  in  the  blood,  paralactic  acid,  leucin,  jecorin,  and, 
in  pathological  cases,  inosit,  ti/rosin,  and  cgstin.  The  occnrrenoe 
of  hilt-coloring  matters  in  the  liver-cell  under  normal  conditions  is 
doubtful ;  but  in  retention  of  the  bile  the  cells  may  absorb  the 
coloring  matter  and  become  colored  thereby. 

Jworio  was  first  found  by  Drbcbbbi.  !□  the  liver  of  a  horee,  and  later  br 
Bai.di  in  the  liver  and  spleen  of  otiier  autmals.  Id  the  muscles  luid  blood 
of  the  horse,  and  in  Ibe  bumau  braiii.  It  conlains  sulpbur  and  pboaphorua, 
but  ita  cuustltutloQ  i»  not  positively  known.  Jecorin  dissolves  la  ether,  but  is 
precipitated  from  this  aolulloo  by  alcoliol.  It  reduces  copper  oxide,  and  Jt 
solidities  nfterlHiiliiigwllU  alkalies  to  a  gelatinous  mass.  It  may  lead  lo  errors 
Id  the  iuvesti  gallon  a  of  or^nnx  or  tissues,  for  It  can  easily  be  niislalieB  for 
lecitbin  on  account  of  its  solubilities  aud  because  it  coniaius  pbospburus. 

The  mineral  bodies  of  the  liver  consist  of  phosphoric  acid, 
potassium,  sodium,  alkaline  earths,  and  chlorine.  The  potassium 
is  in  excess  of  the  sodium.  Iron  is  a  regular  constituent  of  the 
liver,  but  in  very  variable  amounts,  0.3-1  l.B  p.  m.  calculated  for 
the  dried  substance  of  the  liver  (St.  Zaleski).  A  part  of  the 
iron  exists  as  phosphate,  and  the  greater  part  in  combination  with 
the  protein  bodies  (St.  Zaleski).  Copper  seems  to  be  a  physio- 
logical constituent.  Foreign  metals,  snch  as  lead,  zinc,  and  others, 
are  easily  taken  up  and  retained  for  a  long  time  by  the  liver. 

V.  BiBKA  found  in  1000  parte  of  the  liver  of  a  young  niau  who 
had  suddenly  died  7G2  p.  m.  water  and  238  p.  m.  solids,  consist- 
ing of  25  p.  m.  fat,  153  p,  m.  albumin  and  gelatine- forming  sub- 
Btance,  and  61  p.  m.  extractive  sttb^tituces. 
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Qlycogen  and  the  Glycogen  Formation. 

Olyoo^n  was  diBcovered  in  1857  by  Bebnard  and  Hehsbn  in- 
dependoDtly  of  each  other.  It  ia  a  carbohydrate  closely  related  totlio 
starclies  or  dextrins  with  the  general  formula  C,II,oOs,  perhaps 
6{0,HiA)  +  U,0  (KuLZ  and  Borxtrageb).  The  largest  quauti- 
ttos  are  found  in  the  liver  of  full-grown  animals  (Bebxard,  Hen'- 
8EN,  and  othere),  and  auialler  quantities  in  the  muttcles  (Nasse, 
Bbucke,  and  others).  It  is  found  in  very  amall  quantities  in  many 
organs,  such  aa  the  lungs,  skin,  the  sheath  of  the  roots  of  the  hair 
(WiEESMA,  Baefuth),  the  middle  coat  of  the  arteries,  and  also  in 
certain  epithelial  cells  (Schiele,  Wieesha).  Its  occurr^ce  in 
lymphoid  colls  and  in  pus  has  been  mentioned  in  the  previous 
chapter.  Glycogen  has  been  shown  by  Beksabd  and  Kijhnb  to  be 
very  widely  diffused  in  the  embryonic  tissue,  and  it  seems  habitually 
to  be  a  constituent  of  tissues  in  which  a  rapid  cell -formation  and 
cell -development  is  taking  place  (IIoppe-Seyleb).  It  is  also 
present  in  rapidly- formed  piithological  swellings  (Hoppe-Seyler). 
It  has  been  found  in  severnl  organs  in  diabetes  mellitus.  Glycogen 
is  also  found  in  tlie  plant  kingdom  in  the  myxomycetie. 

The  quantity  of  glycogen  in  the  liver,  as  also  in  the  muscles,  de- 
pends essentially  upon  thit  food.  In  starvation  it  disappears  after 
a  short  time,  but  more  mpidly  in  small  ttuin  in  large  animals.  Ac- 
cording to  the  old  views  (LucnaiSGER),it  dis;ippeara  earlier  from 
the  muscles  than  from  the  liver;  but  according  to  more  modern 
TJuwB  (Alrkhopf),  the  reverse  of  this  takes  place.  After  partikiug 
of  food  cs|>ecittlly  rich  in  carbohydrates,  the  liver  becomes  rich 
again  in  glycogen,  the  greatest  increment  occurring  14  to  16  hours 
after  eating  {KtJLz).  The  quantity  of  glycogen  in  the  liver  may 
be  100-120  p.  m.  or  indeed  even  more  after  the  consumption  of 
food  rich  in  carbohydrates.  Ordinarily  it  is  considerably  leas  or 
12-30  to  40  p.  ro. 

Glycogen  forms  an  amorphous,  white,  tasteless,  and  inodorous 
powder.  It  gives  an  opalescent  solution  with  water  which,  when  al- 
lowed to  evaporate  in  the  wuter-bath,  forms  a  pellicle  over  the  surface 
that  disappears  again  on  coolmg.  The  solution  is  deitro-gyrate, 
(a)  D  =  -f  211°  (KiTLZ).  The  specific  rotary  power  is  given  some- 
what differently  by  various  invesligutors.     A  solution  of  glycogen 
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ie  colored  wiue-red  by  iodine.  It  may  hold  copper  ozjhjdrate  in 
solation  in  alkaline  liquids,  but  does  not  reduce  it.  A  Bolutton  of 
glycogen  in  water  is  not  precipitated  by  potassinm-mercuric  iodide 
and  hydrochloric  acid,  but  is  precipitated  by  alcohol  or  ammoniacal 
lead  acetate.  Glycogen  seems  to  be  changed  somewhat  by  prolonged 
boiling  with  dilate  caustic  potash  (ViNTsmoAU  and  Dietl).  It  is 
couYerted  into  glucose  by  diastatic  euzymBB  and  also  by  being  boiled 
with  dilute  mineral  acids. 

The  preparation  of  pure  glycogen  (simpleBt  from  the  liver)  is 
generally  performed  by  tlie  metnod  suggested  by  Brijckb,  of  which 
the  main  points  are  the  following:  Immediately  after  the  death  of 
the  animal  the  liver  is  thrown  into  boiling  water,  then  finely  divided 
and  b7)iled  several  times  with  fresh  water.  The  filtered  extract  is 
now  sufficiently  concentrated,  allowed  to  cool,  and  the  albumin 
removed  by  altematety  adding  potassium-mercuric  iodide  and 
hydrochloric  acid.  The  glycogen  is  precipitated  from  the  filtered 
liquid  by  the  addition  of  alcohol  until  the  liquid  contains  t!0  vols. 
per  cent.  The  glycogen  is  first  washed  on  the  filter  with  60;^  and 
then  with  !)d<£  nlcoliol,  then  treated  with  ether  and  dried  over 
sulphuric  acid.  It  is  always  contaminated  with  mineral  substances. 
To  oe  able  to  extract  the  glycogen  from  the  liver  or  especially  from 
mnsclesand  other  tissues  completely,  wliicb  is  essential  in  a  quanti- 
tative estimation,  these  parts  must  fli'st  be  boiled  for  a  few  hours 
with  adilute  solution  of  caustic  potash,  say  4  gms,  KOU  to  100  gms. 
liver  (KiJLz). 

The  quantitative  determination  is  ordinarily  performed  accord- 
ing to  the  above  method  of  Bbucke,  but  care  must  be  taken  that 
the  precipitate  obtained  by  the  potassium-mercuric  iodide  and  hydro- 
ohloric  acid  is  removed  at  least  f ou  r  times  from  the  filter  and  ettrred 
with  water  to  which  has  been  added  a  few  dropa  of  hydrochloric 
acid  and  potassium-mercuric  chloride,  and  rcfiltered  so  as  to  be  cer- 
tain that  all  the  glycogen  is  obtained  in  the  filtrate  (KiJLZ).  The 
quantity  of  glycogen  may  also  be  determined  by  the  polariscope  or 
by  titration  after  first  converting  the  glycogen  into  glucose  by  noil- 
ing  with  au  acid. 

Numerous  investigators  have  endeavored  to  determine  the  origin 
of  glycogen  in  the  body.  The  quantity  of  glycogen  tn  the  liver  is 
increased  after  partaking  of  many  substances,  in  the  first  place  by 
the  varieties  of  sugar  and  several  other  carbohydrates  (Paw  and 
others),  also  by  glycerin  (van  Dees,  Weiss,  Lochsisoeh),  gelatin 
(WOBOSCHILOPP),  and  the  glnco»ide  arbutin.  Inoslt  (Edlz)  and 
monnit  (Luohbinobb)  have,  on   the  contrary,  no  action.     Fat  is 
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claimed  by  moat  invegtigutors  to  have  no  influence.  The  views  in 
regard  to  the  importance  of  the  proteids  in  the  glycogen  formation 
are  somewliat  divided.  From  many  observations,  purticularly  certain 
nutrition  experiments  with  boiled  meat  (Naunyn)  or  blood-fibrin 
(v.  Merinos),  there  is  no  doubt  that  the  proteids  are  concerned  in 
the  formation  of  glycogen.  Wolffbero  has  also  found  that  he 
obtained  a  larger  glycogen  production  from  a  diet  of  proteids  and 
carbohydrates  in  proper  proportions  than  from  a  diet  consisting  only 
of  carbohydrates  with  very  little  proteids.  It  has  boen  shown  by 
many  observers,  and  lately  also  by  Moszeie,  that  a  diet  of  proteids 
with  carbohydrates  caused  a  greater  increase  in  the  glycogen  than  a 
diet  of  carbohydrates  alone. 

The  great  importance  of  the  carbohydrates  in  the  formation  of 
glycogen  has  given  rise  to  the  opinion  that  the  glycogen  in  the  liver 
is  produced  from  other  carbohydrates  (glucose)  by  a  synthesis  with 
the  separation  of  water  with  a  formation  of  anhydride  (Luchsin- 
OEE  and  others).  This  theory  {anhydride  theory)  has  fonnd  oppo- 
nents because  it  neither  explains  the  formation  of  glycogen  from  such 
different  bodies  as  albumin,  carbohydrates,  glycerine,  and  others,  nor 
the  circnmatance  that  the  glycogen  is  always  the  same,  independent 
of  the  properties  of  the  carbohydrate  introduced,  whether  It  is  des- 
tro-  or  Ifflvo-gyrate.  It  is  therefore  the  opinion  of  many  investi- 
gators that  all  glycogen  is  formed  from  proteid,  and  that  this  splits 
into  two  parte,  one  containing  nitrogen  and  the  other  free  from 
oitrogcn:  the  latter  is  the  glycogen.  According  to  these  views,  the 
carbohydrates  act  only  in  tliat  they  spare  the  proteid  and  the  gly- 
cogen produced  therefrom  (\Vbis3,  Wolffbebo,  and  others). 

In  many  animal  tissues  we  have  proteids  from  which  carbohy- 
drat<«  or  closely- related  bodies  may  be  split  off.  The  occurrence  in 
the  liver  of  snch  proteids,  from  which  carbohydrates  can  be  split 
off,  is  from  certain  observations  not  at  all  improbable,  but  still  it 
has  not  been  fully  proved.  Nor  has  the  view  of  certain  investigators, 
that  in  the  ordinary  sense  we  iiave  a  ciirbohydrate  group  preformed 
ID  the  albuminous  body,  been  conclusively  established.  Under  such 
circumstances  it  is  not  easy  to  explain  the  formation  of  glycogen  in 
the  animal  body  from  proteids.  But  as  it  soema  to  be  certain  that 
glycogen  can  be  produced  either  from  proteids  or  from  carbo- 
hydrates, which  has  hitely  been  further  demonstrated  by  E.  Voit, 
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the  opinion  expressed  by  Ppluoe&  has  unquestionably  been  mifr- 
leading.     As  the  fut  maybe  formcid  partly  from  proteida  and  partly 
from  carbohydrates  by  a  aynthesia  after  previous  eplittiiig,  Pfldgbe 
claims  that  thu  glycogen  in  the  liver  may  hIbo  be  produced  from  dif- 
ferent snbetanees   by  a  complex  splitting  and  Bynthesia.     There  is 
no  donbt  that  the  glycogen  of  the  liver,  which  surrounds  the  n 
cleoB  of  the  lirer-cells  as  amorphous  masses,  is  formed  in  thc'se  cells,  I 
Where  does  the  glyeogoii  occurring  in  the  other  organs,  such  as  the  ■ 
musclea,  originate  ?     la  tlie  glycogen  of  the  muscles  formed  ou  the 
spot  or  is  it  transmitted  from  the  liver  to  the  mnsclea  by  means  of 
the  blood?    Tiieae  queations  cannot  yet  be  answered  with  poaitive- 
ness,  and  the  inrestigations  on  this  subject  by  different  oxperimen- 
tera  (ou  frogs  by  EiJLz  and  on  birds  by  Laveij  and  Minkowsky) 
hare  given  contradictory  results. 

Glycogen  is  considered  as  a  reserve  nutritive  substance  deposited 
in  the  liver,  and,  according  to  the  ordinary  view,  it  is  transported 
by  the  blood  from  the  liver  to  the  other  organs,  especially  to  the 
muscles,  where  it  serves  as  a  source  of  material  for  work.  The  im- 
portance of  glycogen  in  the  formation  of  heat  follows  from  the  fact 
that  on  cooling  the  animal  body  the  glycogen  is  quickly  exhausted. 
The  possibility  that  fata  may  be  formed  from  glycogen,  as  well  as 
from  other  carbohydrates,  cannot  be  denied. 

The  relationship  of  glycogen  to  the  formation  of  sugar  is  of  spe- 
cial interest.  In  a  dead  liver  the  glycogen  is  rapidly  converted  into 
BDgar,  and  this  fact  naturally  leads  to  tho  supposition  that  we  have 
a  sugar  formation  from  glycogen  in  the  liver  during  life  under  nor- 
mal conditiona,  a  t'itah  Glijkogenie  (adthor).  As  proof  of  this,  Ol. 
BeKKARi)  has  found  that  the  liver,  under  physiological  conditions, 
always  contains  some  sugar,  and  also  that  the  blood  from  the  hepatic 
vein  is  always  somewhat  richer  in  sugar  than  the  blood  from  the 
portal  vein.  The  correctness  of  either  or  both  of  these  statements 
has  been  disputed  by  many  investigators,  such  aa  Pavy,  EnrER, 
SCHTFP,  EoLENBERG,  LusSANA,  Abeles  and  otiicra.  It  is  not 
denied  that  the  blood  from  tho  hepatic  vein  may  not  contain  some- 
what more  sugar  under  certain  circumstances,  bnt  it  is  probably  due 
to  the  result  of  the  experiment. 

It  is  impossible  to  discuss  more  completely  the  numerous  works 
which  treat  of  this  question,  and  it  is  perhaps  sufficient  to  say  here 
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that  the  two  above- me ntioned  opiaione  stand  to-day  in  u^jpusition 
to  each  other.  The  eriatence  of  ti  vital  formation  of  sugar  froiti 
the  glycogen  ol  the  liver  is  denied  by  certain  investigators,  but  ad- 
mitted by  others.  Those  who  admit  this  formation  claim  that  it  in 
produced  by  tho  action  of  an  enzyme  which  is  formed  in  the  blood, 
CBpocially  on  the  destruction  of  the  red  blood-corpusclea  (Tiboel). 
Other  iuvestigutors,  such  as  Foester,  Eves,  DAaTHE  and  others, 
deny  tho  action  of  an  enzyme,  and  are  of  tho  opinion  that  the  for- 
mation of  sugar  ia  produced  by  a  vital  action  of  the  protoplasm  of 
the  living  cell. 

Seeoen  claims  tliat  the  sugar  formation  in  the  liver  occurs  on  a 
very  large  scale  under  physiological  conditions,  and  that  the  blood 
of  the  hepatic  vein  is  considerably  richer  in  sugar  than  ttie  blood 
of  the  portal  vein.  He  also  claims  that  the  sugar  is  not  formed 
from  the  glycogen,  but  from  the  peptones  and  tat.  The  observa- 
tions which  form  the  basis  of  this  theory  have  not  been  confirmed 
by  other  invp.8tigators  {Chittendbn  and  Lamuert). 

The  question  as  to  a  physiological  formation  of  sugar  in  the 
liver  is  disputable  and  not  settled.  There  is  no  doubt  that  in  cer- 
tain lesions  of  tho  nervous  system,  by  poisoning,  etc.,  an  abundant 
formation  of  sugar  may  appear,  which,  at  least  in  certain  cases,  la 
derived  from  tho  glycogen  of  the  liver,  and  several  investigators 
consider  with  Gl.  Beanabd  this  sugar  formation  as  well  as  the 
elimination  augur  in  diabetes  mellitns,  as  an  increase  in  the  normal 
formation  of  sugar  from  the  glycogen. 

A  discussion   of  tho  dllfei-ont   views   in   regard  to  glycosuria 

^abetes   mellitus   is   beyond   the    plan   and   scope   of    this 

The  Bppeuranoe  of  glucose  in   the  urine   is  a  symptom 

mdor  diSereoL  condttiuna  may  have  essentially   different 

Under  all  circumstances  it  is  necessary  to  citrefully  diSer- 

j  between  those  diseased  conditions  on  the  one  side  which 

grouped  under  the  name  diabetes   mellitus  and  the  cxperi- 

Dtal  production  of  glycosuria  on  the  other  side.     In  diabetes,  at 

'•  in  most  cases,  we  are  more  probably  dealing  with  a  decreasi^d 

up  of  sngar  in  the  organism  than  an  increased  production 

1  the  glycogen  of  the  liver,  or  a  disturbed  storing-up 

this  organ.     On  tlie  contrary,  in  experimental  gly- 

n  oases  we  have  undoubtedly  n  formation  of  sugar 
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from  the  glycogen  of  tlie  liver.  As  proof  thereof,  in  the  so-called 
**  Znckerstich  "  (lesion  of  a  certain  part  of  the  fourth  ventricle  of 
the  brain)  no  glycosuria  is  produced  in  animals  with  glycogen-free 
livers  (fasting  animals),  while  in  livers  containing  glycogen  it  is 
found  rapidly  disappearing  with  the  formation  of  sugar  after  this 
operation  (Hermann  and  Dock,  Luchsingeb).  Von  Merings 
has  shown  by  experiments  that  we  may  have  a  glycosuria  formed 
independently  of  the  glycogen  of  the  liver.  This  investigator  has 
shown  by  experiments  on  dogs  that  in  animals  which  have  been 
starving  for  some  time,  so  that  the  liver,  as  well  as  the  muscles,  is 
free  from  glycogen,  a  very  considerable  glycosuria  is  produced  on 
administering  the  glucoside  phloridzin.  The  elimination  of  sugar  is 
considerably  greater  by  this  means  than  that  produced  by  the  de- 
composition of  the  glucoside  itself.  Von  Merings  has  been  able 
to  produce  diabetes  by  this  glucoside  in  geese  which  have  had  their 
livers  removed  ;  and  Langendorpf  has  also  produced  the  same  in 
frogs  whose  livers  had  been  extirpated.  In  the  so-called  phloridzin 
diabetes  the  sugar  is  not  formed  from  the  glycogen  of  the  liver,  but 
to  all  appearances  from  the  albumin  (or  proteids). 

The  Bile  and  its  Formation. 

By  the  employment  of  a  biliary  fistula,  an  operation  which  was 
first  performed  in  1844  by  Schwann,  it  is  possible  to  study  the 
secretion  of  the  bile.  This  secretion  takes  place  at  a  very  low 
pressure;  therefore  an  apparently  unimportant  hindrance  in  the 
outflow  of  the  bile,  namely,  a  stoppage  of  mucus  in  the  exit  or  the 
secretion  of  large  quantities  of  viscous  bile,  may  cause  stagnation 
and  absorption  of  the  bile  by  means  of  the  lymphatic  vessels  (ab. 
sorption  icterus). 

The  quantity  of  bile  secreted  during  a  specified  time,  say  24 
hours,  is  rather  difficult  to  determine  with  accuracy.  The  approxi- 
mate amount  for  the  dog,  as  determined  by  Bidder  and  Schmidt, 
is  about  20  grms.,  with,  in  round  numbers,  1  grm.  of  solids  per  kilo  of 
the  weight  of  the  body.  For  human  beings  Ranke  has  calculated 
an  average  of  14  grms.,  with  0.44  grms.  solids.  The  amount  is  de- 
pendent upon  the  nutrition.  In  fasting  the  quantity  decreases, 
but  increases  after  taking  food.    The  statements  are  contradictory  in 
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regard  to  the  time  necessary  after  partaking  of  food  before  the 
secretioQ  readies  ita  maximum.  Formerly  it  vins  held  that  the  secre- 
tion of  bile  is  increased  by  food  rich  in  albumin  ;  in  later  inveBti- 
gations,  by  Rosenbesu,  it  wa§  found,  on  tiic  contrary,  that  the  fats 
give  a  greater  stimulus  to  the  secretion  of  bile  than  do  the  other 
nutritive  Bubetances.  The  drinking  of  water  increaaea  the  secretion 
of  bile.  The  statements  of  different  investigators  vary  so  much  in 
regard  to  the  action  of  different  medicinal  bodies  in  the  secretion  of 
bile  that  it  is  impossible  to  reach  any  conclusion  on  the  eubjecL 
All  inveBtigators  who  have  worked  on  this  subject  seem  to  agree 
that  sodium  mlkylnte  is  a  true  catlinrtic  (RuxnERFORD,  Viqnal, 
Lewaschew,  Pkevost  and  Binet,  Ko8ENbek(j).  AIbo  turpentine, 
which  is  a  component  of  the  so-called  Durank's  remedy,  seems  to 
increase  the  secretion  (Lewaschew,  Prevost  and  Binet,  RosEif- 
bbrq).  Olive-oil  is  a  very  active  cathartic  (Rosenberg).  By  the 
increased  secretion  of  bile  the  amount  of  solids  does  not,  as  a  rule, 
increase  at  the  same  i-ate  as  the  water,  and  the  concentration  of  tlie 
bile  decreases.  An  exception  to  this  is  found  only  in  the  influence 
exerted  by  the  bile  itself,  acting  as  it  does  as  a  powerful  cathartic 
by  which  also  the  concentration  of  the  secreted  bile  is  increased. 

The  bile  is  a  mixture  of  the  secretion  of  tiie  liver-cells  and  the 
B0-cnl1ed  mucus  which  is  secreted  by  the  glands  of  the  biliary 
pasaages  and  by  the  mucous  membrane  of  the  gall-bladder.  The 
secretion  of  the  liver,  which  is  generally  poorer  in  solids  than  the 
bile  from  the  gall-bladder,  is  thin  and  clear,  while  the  bile  collected 
in  the  gall-bladder  is  more  ropy  and  viscous  on  account  of  the  ab- 
sorption of  water  and  the  admixture  of  "mucus,"  and  cloudy 
because  of  the  admixture  of  Ct.-lls,  pigments,  and  the  like.  The 
specific  gravity  of  the  bile  from  the  gall-bladder  varies  consider- 
ably, in  man  between  1.010  and  1.040.  Its  reaction  is  alkaline. 
The  color  ctiauges  in  different  animals:  golden  yellow,  yellowish 
brown,  olive-brown,  brownish  green,  grass-green,  or  bluish  green. 
Bile  obtained  from  an  executed  person  immodiiitely  after  death 
is  golden  yellow  or  yellow  with  a  siiado  of  brown.  Still  Ciisea  occur 
in  which  fresh  human  bile  bus  a  green  color.  The  ordinary 
post-mortem  bile  has  a  variable  color.  The  bile  of  certain  aulmals 
luu  a  peculiar  odor;  aseiample,  ox-bile  has  an  odor  of  musk,  espe- 
cially on  warming.     The  toetc  of  bile  is  also  different  in  different 
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animals.     Ktiman  as  well  as  ox  bllo  has  a  bitt«r  taste  with  a  sweetish 

ufter-tiidte.  Thi!  bile  of  the  pig  itiid  rabbit  has  an  intense  persistent 
bitter  taste.  On  beating  bile  to  boiling  it  does  not  coitgulate.  It 
coutains  (lu  tbo  01}  only  traceu  of  true  mucin,  and  its  ropy  proper- 
ties depend,  it  seernB,  chiefly  on  the  presence  of  a  nncleoalbnmiu 
Himilartomncin  (Paijkull).  The  specific  couatitnentB  of  the  bile 
are  bile-acids  combined  with  alkalies,  bile-pigments,  and  besides 
smalt  quantities  of  lecithin,  chotesterin,  soaps,  neutral  fats,  urea,  and 
mineral  substances  (sodium  chloride,  calcium  and  magnesium  phos- 
phate, and  iron). 

Bile-saltB.  All  bile-acids  can  be  divided  into  two  groups,  the 
glycocholic-  and  the  tauroclioUc-add  groups.  All  glycocholic  acids 
contain  nitrogen,  but  are  free  from  sulphur  and  can  be  split  with 
the  addition  of  water  into  glycocoU  (amido-iicetic  acid)  and  an 
acid  free  from  nitrogen,  cholalic  acid.  All  tiiurocholic  acids  con- 
tain nitrogen  and  sulphur  and  ore  split,  with  the  addition  of  water, 
into  taurin  (amido-isethionic  acid)  containing  snlphur  and  cholalic 
acid.  Tbo  reaeoti  of  the  ezieteucc  of  different  glycocholic  and  tau- 
rocholic  acids  depends  oti  the  fact  that  there  are  several  cholalic 
acids. 

The  different  bile-acids  occur  in  the  bile  as  alkali  salts,  generally 
in  combination  with  sodium,  but  in  aca-Gshes  as  potassium  salts. 
In  the  bile  of  certain  animals  we  find  almost  solely  glycocholic  acid, 
in  others  only  taurocholic  acid,  and  in  other  animals  a  mixture  of 
both  (see  below). 

All  alkali  salts  of  the  biliary  acids  are  soluble  in  water  and  alco- 
hol, but  insoluble  in  ether.  Their  solution  in  alcohol  is  therefore 
precipitatud  by  ether,  and  this  precipitate,  with  the  proper  care  in 
manipulation,  gives,  for  nearly  all  kinds  of  bile  thus  far  investigated, 
rosettes  or  balls  of  line  needles  or  4-~6'Sided  prisms  (Plattneh's 
crystallized  bile).  Fresh  human  bile  also  crystallizes  readily.  The 
bile-acids  and  their  salts  are  optically  active  and  dextro- rotary.  The 
former  are  dissolved  by  concentrated  sulphuric  acid  at  the  ordi- 
nary tempernture,  forming  a  reddish-yellow  liquid  which  has  a 
beautiful  green  fluorescence.  On  carefully  warming  with  concen- 
trated sulphuric  acid  and  a  little  cane-sugar,  the  bile-acids  give  a 
beautiful  cherry-red  or  redd  i  eh -violet  liquid.  Pbttenkofeb's  reac- 
tion for  bile-acids  is  bused  on  these  facts. 
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alkalies  tliia  acid,  whicli  is  analogous  to  hippnric  acid,  b  converted 
iuto  cholalic  acid  and  glycocoU. 

Glycocholic  acid  crystallizes  in  fine,  colorlese  needles  or  prisma. 
It  IB  soluble  with  difficulty  in  water  (in  about  300  parts  cold  and 
120  parts  boiling  water),  and  is  easily  precipitated  from  its  albali- 
ealt  solution  by  the  addition  of  dilute  mineral  acids.  It  is  readily 
soluble  in  strong  alcohol,  bat  with  great  difficulty  in  ether.  The 
solutions  have  a  bitter  but  at  the  same  time  sweetish  taste.  The 
suits  of  the  alkalies  and  alkaline  earths  are  soluble  in  alcohol  and 
water.  The  salts  of  the  heavy  metals  are  mostly  insoluble  or  soluble 
with  difficulty  in  water.  The  solution  of  the  alkali  salts  iu  water 
is  precipitated  by  sugar  of  lead,  copper-oxide  and  ferric  salts,  and 
silver  nitrate. 

The  preparation  of  pure  glycocholic  acid  may  be  performed  in 
several  ways.  We  may  precipitate  the  hiie,  which  has  been  freed 
from  mucus  by  means  of  alcohol  and  the  alcohol  removed  by 
evaporation,  by  a  solution  of  lead  acetate.  The  precipitate  is  then 
decomposed  by  a  soda  solution  and  heat,  evaporated  to  dryness,  and 
the  residue  extracted  with  alcohol,  which  dissolves  the  alkali 
glycocholate.  The  alcohol  ia  distilled  from  the  filtered  solution  and 
the  residue  dissolved  in  water;  this  solution  is  now  decolorized  by 
animal  charcoal,  and  the  glycocholic  acid  precipitated  from  the 
solution  by  the  addition  of  a  dilute  mineral  acid.  The  acid  may 
be  obtained  in  crystals  either  from  boiling  water,  on  cooling,  or 
from  strong  alcohol  by  the  addition  of  ether.  The  reader  is  re- 
ferred to  more  exhaustive  works  for  other  methods  of  preparation. 

Hys-glyoiHiholio  Aaid,  Ci,H,iNOi,lsIbe  cryBlAlliDeglycDcboHc  ncid  obtained 
from  tlie  bile  of  tlic  pig.  It  is  very  Insoluble  iu  water.  Tbe  alkali  tnlu, 
whose  snlntiODB  bave  an  intense  bitter  taste  without  any  sweeiisb  afier-Ia»te, 
are  precipitatod  liy  CnCli .  BaCl, .  and  MgClg ,  and  may  be  salted  oiil  like  a 
Biiap  by  NaiSOi  when  ndded  in  sufflcieut  ijuantity.  Besides  tills  add  lliere 
occurs  In  [lie  bile  of  Ihc  pi^  still  anotber  glycochnllc  acid  (JolinI. 

Tbe  glTooahalata  Iu  tbe  hile  of  Ihe  rodant  la  also  precipitated  by  the  above- 
meolioued  salts,  but  cannot,  like  the  con-espoadlDg  sail  in  tbe  Lumun  or  ox 
hile.  be  precipitated  on  aaturnting  with  a  neutral  salt  (NaiSO,).  Qnano  bila* 
add  possibly  belongs  tu  the  g1ycocliol!c-acld  group,  and  Is  found  in  Peruvian 
guano  but  boa  not  been  thoroughly  studied. 

Taurooholic  Acid.  This  acid,  which  is  found  in  the  bile  of  man, 
carnivora,  oxen  and  a  few  other  herbivora,  such  as  sheep  and  goats, 
and  which  ia  identical  with  the  choieic  of  Strbckbr  and  Demar^at, 
has  the  constitution  ChH^NSO,.  Od  boiling  with  acids  and  alka- 
lies it  spiita  iuto  cholalic  acid  and  taurin. 
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Taurocliolic  acid  may  be  obtained,  though  only  with  diffictilty, 
in  fine  needles  whicli  deliquesce  in  the  air  (Parke).  It  is  verj 
Eolnble  in  water,  and  can  hold  the  difficnltly-eolublo  glycocholio 
acid  in  Bolntion.  This  is  the  reason  why  a  mixture  of  glycocholate 
with  a  sufficient  quantity  of  taurocholate,  which  often  occurs  in  ox- 
bile,  is  not  precipitated  by  a  dilute  acid.  Tanrocholic  acid  ia  readily 
soluble  in  alcohol  but  insoluble  in  ether.  Its  solutions  have  a  bitter- 
sweet taste.  Its  salts  are,  as  a  rule,  readily  soluble  in  water,  and 
the  solutions  of  the  alkali  salts  are  not  precipitated  by  copper  sul- 
phate, silver  nitrate,  or  sugar  of  lead.  Basic  lead  acetate  gives,  on 
the  contrary,  a  precipitate  which  is  soluble  in  boiling  alcohol. 

Taurocholic  acid  is  best  prepared  from  decolorized,  crystallized 
dog-bile,  which  contains  only  ten rocholate.  The  solution  of  this 
bile  is  precipitated  by  baeic  lead  acetate  and  ammonia,  and  the 
washed  precipitate  dissolved  in  boiling  alcohol.  The  filtrate  is  now 
treated  with  H,S,  and  this  filtrate  ts  evaporated  at  a  gentle  heat  to 
a  small  volume,  and  treated  with  an  excess  of  water-free  ether. 
The  acid  sometimes  partially  crystallizes. 

Cheno-tftnraobalia  Aoid.  ThU  is  llie  muat  essential  acid  of  eoose-bile 
Had  has  llie  formula  C,.H<.N80>.  This  acid,  thougli  little  studied,  is  known 
to  bu  amorpbous  and  soluGle  io  water  and  alcoliol. 

As  repeatedly  mentioned  above,  the  two  bile-acids  split  on 
boiUng  with  acids  or  alkalies  into  non-nitrogenized  oholalic  acid 
and  glycocoU  or  taurin.  Therefore  we  will  now  describe  the  prod- 
ucts of  this  splitting. 

Cholalio  Acid.  The  ordinary  cholalic  acid  obtained  as  a  decom- 
position product  of  human  and  ox  bile,  which  occurs  regularly  iu 
the  contents  of  the  intestines  and  in  the  urine  in  icterus,  and 
which  is  identical  with  Demar(;at's  choHc  acid,  has,  according 
to  Strecker  and  nearly  all  recent  investigators,  the  constitntiou 
OttHtfO, ;  but  others  give  as  the  fonnub  CbIIuOj  (Latschinopp). 
According  to  MvLiua,  cholalic  acid  is  a  monobasic  alcohol-acid  with 
a  secondary  aud  two  primary  alcohol  groups.   Its  formula  may  there- 

f  ClIOH 
fore  be  written  C»H„  ■(  (CH.OH)^     On  oxidation   it  first  yielda 

(coou 

dehydrocholalic  acid  {aittbor),  and  then  biliantc  acid  (Clevb). 
The  formulfe  of  these  acids  (when  we  take  Gh  for  the  cholalic  acid) 
«re  CuHmOj  and  C^HjjO,.  On  reduction  (in  putrefaction)  cholalio 
■d(i  may  yield  desoxyrholalitr  acid,  CmH.dO,  (Mylitjs), 
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CholHlic  acid  crjstuUizea  partly  vith  one  molecnle  of  water,  in 
rhombic  platee  or  prisine,  and  partly  in  larger  rhombic  tetrahedra 
or  octahedra  with  I  mol.  of  alcohot  of  crystallization  (Mtlius). 
These  crystals  become  quickly  opaque  and  porcelain-white  in  the 
air.  They  are  quite  iDBolubto  in  water  (in  4000  parts  cold  and  750 
parts  boiling),  rather  soluble  in  alcohol,  but  Bolnble  with  difficulty 
in  ether.  The  amorphous  cbolalic  acid  is  less  insoluble.  The 
solutions  hare  a  eweetish-bitter  taste.  The  crystals  lose  their 
alcohol  of  crystallization  only  after  a  lengthy  heating  to  100-120°  C. 
The  acid  free  from  water  and  alcohol  melta  at  +  195°C. 

The  alkali  salts  are  readily  soluble  in  water,  but  when  treated 
with  a  concentrated  caustic  or  carbonated  alkali  solution  may  be 
separated  as  an  oily  mass  which  becomes  crystalline  on  cooling. 
The  alkali  salts  are  not  readily  soluble  in  alcohol,  and  on  the 
evaporation  of  the  alcohol  they  may  crystallize.  The  specific 
rotary  power  of  the  sodium  suit  is  («)D  =  -f-  31,4".  The  watery 
solution  of  the  alkali  salts,  when  not  too  dilute,  is  precipitat<?d 
immediately  or  after  some  time  by  sugar  of  leod  or  by  barium 
chloride.  The  barium  salt  crystallizes  in  fine,  silky  needles, 
and  it  is  rather  insoluble  in  cold,  but  somewhat  easily  t^oluble  in 
warm  water.  The  barium  salt,  as  well  as  the  lead  salt  which  ia  in- 
soluble in  water,  is  roluble  in  warm  alcohol. 

To  prepare  cbolalic  acid  we  boil  ox-bile  for  18-36  hours 
with  strong  caustic  alkali,  or,  better,  with  as  much  barium  hydrate 
as  the  boiling  liquid  will  dissolve.  During  the  boiling  add  when 
necessary  more  barium  hydrate.  The  boiling-hot  liquid  is  strained 
and  concentrated  until  acrystalline  mas.';  separates  in  large  quantity. 
This  moan  w  separated  from  the  mother-liquor  and  strongly  pressed 
and  rccrysttillized  a  few  times  from  boiling  water.  The  recrystal- 
lized  barium  salt  is  now  dissolved,  and  the  solution  decomposed  by 
hydrochloric  iicld.  The  acid  which  separates  is  dissolved  in  boiling 
alcohol,  and  tlie  acid  generally  sepanit<-6  as  crystals  immediately  on 
cooling.  By  rccrys tali izat ion  from  etbyl  alcohol  and  finally  from 
methyl  alcohol  the  acid  may  be  readily  obtained  in  pure  white  crys- 
tals the  size  of  a  pea. 

Choleic  Acid,  C,e^iiiO,,  ia  another  cbolalic  acid  named  by 
Latschinofp,  which  is  obtained  from  oi-bilo  with  ordinary 
cbolalic  acid,  though  in  very  small  nmonrits  (hardly  ^  the  quan- 
tity of  the  latter).    The   barium  salt  of  this    cholalic    acid    \» 
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ttie  liquid  is  euSScieiitly  concentrated.     The  combination  of  gly- 
eocoll  with  HCl  is  soluble  iu  water  and  ulcoliol. 

Glycocoll  JB  best  pi-epared  from  hippuric  acid  by  ooiliiig  it  10- 
12  hours  with  4  parts  of  dilate  sulphuric  acid,  1:6,  Alter  cooling 
separate  the  beuzoic  acid,  concentrate  the  filtrate,  remove  the  i-e- 
mainder  of  the  benzoic  acid  by  shaking  with  ether,  remove  the  eiil- 
pliuric  acid  by  BuCO,,  and  evaporate  the  filtrate  to  crystallization. 

Tanrin,  C,n,NSOi,  or  amido-ethylaulphonic  acid,  NH,.C,11,. 
SOjOH.  This  body  is  well  known  as  a  splitting  product  of 
taurocholic  acid,  and  may  occur  in  small  quautitii;s-in  the  contents 
o(  the  intestines.  It  bae  also  been  found  in  the  lungs  and  kidneys 
of  oxen  and  in  the  blood  and  musclos  of  cold-blooded  animals, 

Taurin  crystallizes  in  colorless,  often  in  large,  shining,  4-6  sided 
prisms.  It  dissolves  in  15-16  parts  of  water  at  ordinary  tempera- 
tures, but  rather  more  easily  in  warm  water.  It  is  insoluble  in  abso- 
lute alcohol  and  ether;  in  cold  spirits  of  wine  it  dissolves  slightly, 
but  more  when  warm,  Taurin  yields  acetic  and  sulphurous 
acids,  but  no  alknli  sulphides,  on  boiling  with  strong  caustic  alkali. 
The  amount  of  sulphur  can  be  determined  as  sulphuric  acid  after 
fusing  with  saltpetre  and  soda.  Taurin  combines  with  metallic  ox- 
idea.  The  combination  with  mercuric  oxide  is  white,  insoluble, 
and  is  formed  when  a  solution  of  taurin  Is  boiled  with  freshly-pre- 
cipitated mercuric  oxide  (J.  Lanq),  This  combination  may  be 
used  in  detecting  the  presence  of  taniin.  Tauriu  is  not  precipi- 
tated by  metallic  salts. 

The  prepiiration  of  tanrin  from  bile  is  very  simple.  The  bile  is 
boiled  a  few  hours  with  hydrochloric  acid.  The  filtrate  from  the 
dyslyain  and  choloidic  acid  is  concentrated  well  in  the  water-t>atb, 
and  liltercd  so  as  to  remove  the  common  salt  and  other  substances 
which  have  eo|mrated.  Then  evaporate  to  drvness,  and  treat  the 
residue  with  nirong  alcohol,  which  dissolves  the  hydrocblorate  of 
glycocoll,  while  the  taunn  remains.  (The  alcoholic  solution  of 
fiydrocbloratc  of  glycocoll  may  be  used  in  the  preparation  of  gly- 
cocoll by  evaporating  the  alcohol  and  dissolving  the  rcBidne  \n 
water,  decomposing  the  solution  with  lead  hydroxide,  iiUering, 
and  freeing  the  solution  from  lead  by  H,S,  anA  strongly  concen- 
trating this  filtrate.  The  crystals  whicn  separate  are  dissolved  and 
decolorized  by  animal  charcoal,  and  the  solution  evajiorated  to  crys- 
tallization.) The  above -obtained  residue  containing  the  tanrin  ia 
dissolved  in  as  little  water  as  possible,  filtered  warm,  and  treated 
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with  an  excess  of  alcohol.  The  crystaHino  precipitate  which  im- 
mediately forms  is  filtered  as  soon  us  possible,  and  the  taorin  now 
separates,  oa  cooling,  ioto  very  long  needles  or  prisms.  These 
crystals  may  be  purified  by  recrystallization  from  a  little  warm  water. 

Thoiigli   the  tuurin  shows  no   positive  reactions,    it  is  chiefly 
identified  by  its  crystalline  form,  by  its  solubility  in  water  and  in- 
solubility in  alcohol,  by  its  combination  with  mercuric  oxide,  by  its 
non-precipitability  by  mutullic  salts,  and  above  all  by  its  containing  - 
sulphur. 

The  Detection  ov  Bile-acids  in  Aniual  Fluids.  To 
obtain  the  bile-acids  pure  so  that  Pettenkofeb's  test  can  be  ap- 
plied to  them,  the  albumins  and  fat  must  first  be  removed.  The 
albumin  is  removed  by  making  the  liquid  first  neutral  and  then 
adding  a  great  excess  of  alcohol,  so  that  the  mixture  contains  at  least 
85  vols,  per  cent  of  water-free  alcohol.  Now  filter,  extract  the  pre- 
cipitated albumin  with  fresh  alcohol,  unite  all  filtrates,  distil  the 
alcohol,  and  evaporate  to  dryness.  The  residue  is  completely  ex- 
hausted with  strong  alcoliol,  filtered,  and  the  alcohol  entirely  evapo- 
rated from  the  filtrate.  The  new  residue  is  dissolved  in  water,  and 
filtered  if  necessary,  and  the  solution  precipitated  by  basic  lead 
acetate  and  ammonia.  The  washed  precipitate  is  dissolved  in  boiling 
alcohol,  filtered  while  warm,  and  a  few  drops  of  soda  solution  added. 
Then  evaporate  to  dryness,  extract  the  residue  with  absolute  alcohol, 
filter,  and  add  an  excess  of  ether.  The  precipitate  now  formed  may 
be  Qsed  for  Pettenkofek's  teat.  It  is  not  necessary  to  wait  for  a 
ciystallization ;  but  one  must  not  consider  the  crystals  which  form 
in  the  liquid  as  being  positively-crystallized  bile.  It  is  also  possible 
for  needles  of  alkali  acetate  to  be  formed.  For  the  detection  of  bil&- 
acids  in  urine  see  Chapter  XIV. 

Bile-pi gments.  The  bile-coloring  matters  known  thus  &r  are 
relatively  numerous,  and  in  all  probability  there  are  still  more. 
Most  of  the  known  bile-pigments  are  not  found  in  the  normal  bile, 
but  occur  either  in  post-mortem  bile  or,  principally,  in  the  bile  con- 
cremente.  The  pigments  which  occur  under  physiological  condi- 
tions are  the  reddish-yellow  biUrtthin,  the  green  hiUvtrdin,  and  some- 
times there  is  also  observed  in  fiesh  human  bile  a  pigment  closely 
related  to  hydrobiUrubin.  The  pigments  found  in  gall-stones  are 
(besides  the  bilirtthin  and  biUverdin)  bili/uscin,  bilipraain, 
bilihumin,  bilir.yanin  (and  ckoleielin  ?).  Besides  these,  others  have 
boon  observed  in  human  and  animal  bile.  The  two  above-mentioned 
physiological  pigments,  bilirnbin  and  biliverdin,  are  those  which 
serve  to  give  the   golden-yellow   or  orange-yellow  or  sometimes 
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gi-eeuiflh  color  to  the  bile,  or  when,  w  is  most  frequently  the  case  in 
ox-bile,  the  two  pigments  are  present  in  the  bile  at  the  same  time, 
producing  the  difterent  ahadea  between  reddiah  brown  and  green. 

BUirnbin.  Thia  pigment,  uccordiiig  to  the  common  accepta- 
tion, has  the  formula  OiiH„N,0,  (Maly)  and  ia  designated  by  the 
names  cholepybrhin,  biliphjein,  bilifulvin  and  h^matoidin. 
It  occurs  chiefly  in  the  gall-stones  aa  bilirubin-calcium.  It  is  further 
found  in  the  bile,  especially  in  man  and  carnivora ;  sometimes, 
however,  the  latter  when  fasting  or  in  a  starving  condition  may 
have  a  green  bile  in  the  gall-bladder.  It  occurs  also  in  the  contents 
of  the  small  intestines,  in  blood-serum  of  the  horse,  in  old  blood 
extravasations  (as  hffimatoidin),  and  in  the  nrine  and  the  yellow- 
colored  tissue  in  icterns.  The  bilirubin  is  in  all  probability  a  forma- 
tion from  the  haematin  which  it  closely  resembles.  It  is  converted 
into  hydrobilirubin,  CsjEI»N,0,  (Maly),  by  hydrogen  in  a  nascent 
state.  It  is  claimed  by  aevenil  investigators  to  be  identical  with  the 
urinary  pigment  urobilin,  as  well  as  with  stercoHlin  (Masius  and 
Vanlaib),  which  is  found  in  the  contents  of  the  inteatinea.  There 
is  no  doubt  that  a  groat  simihirity  exista  between  these  pigments, 
but  their  identity  is  emphatically  denied  by  MacMunn.  On  oxida- 
tion bilirubin  yields  biliverdin  and  other  coloring  matters  (see  below). 

Bilirubin  is  partly  amorphous  and  partly  crystalline.  The 
amorphous  bilirubin  is  a  reddish-yellow  powder  of  nearly  the  same 
color  as  amorphous  antimony  sulphide;  the  crystalline  bilirubin  has 
nearly  the  same  color  as  crystallized  chromic  acid.  The  crystals, 
which  can  easily  be  obtained  by  allowing  a  solution  of  bilirubin  in 
chloroform  to  spontaneously  evaporate,  are  reddish-yellow,  rhombic 
plates,  whose  obtuse  angles  are  often  rounded. 

Bilirubin  is  insoluble  in  water,  slightly  aoluble  in  ether,  some- 
what more  soluble  in  alcohol,  easily  soluble  in  chloroform,  especial- 
ly in  the  warmth,  and  less  soluble  in  benzol,  carbon  disulpliide,  amyl 
alcohol,  fatty  oils,  and  glycerin.  Its  solutions  show  no  absorption- 
bands,  but  only  a  continuous  absorption  from  the  red  to  the  violet 
end  of  the  spectrnm,  and  they  have,  even  on  diluting  greatly, 
(1 :  500000)  a  decided  green  color.  The  combinations  of  bilii'ubin 
with  alkalies  are  insoluble  in  chloroform,  and  bilirnbin  may  be 
separated  from  its  solution  in  chloroform  by  shaking  with  dilute 
caustic  alkali  (differing  from  lutein).     Solutions  of  bilirubin-alkali 
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in  water  arc  precipitated  by  tlie  soluble  salts  of  the  alkaline  carthB 
and  aUo  by  metallic  suite. 

If  U11  alkaline  solution  of  biJirnbin  be  allowed  to  stand  in  contact 
with  tlie  air.  It  gradually  absorbs  oxygen  and  green  billverdiD  is 
formed.  Bilivurdiu  is  also  formed  from  bilirubin  by  oxidation  under 
other  conditionB.  A  green  coloring  matter  gimiliir  in  appearance  is 
formed  by  the  action  of  other  reagents  such  aa  C),  Br,  and  I.  In  these 
caeee  it  does  not  seem  to  be  bijiverdin,  but  a  substitution  product  of 
bilirubin  (Thudichum,  Maly)  which  is  obtained, 

OuELis's  ReacHon  for  Bile-/ngtnetiis.  If  we  carefully  pour  under 
a  solution  of  bilirubin-alkali  iu  water  nitric  acid  containing  some 
nitrous  ucid,  we  obtain  a  series  of  colored  layei-s  at  the  jnnctaro  of 
the  two  liquids,  iu  the  following  order  from  ttboTc  downwards: 
green,  blue,  violet,  red,  and  reddish  yellow.  This  color  reaction, 
Gublin'3  teat,  is  very  delicate  and  serves  to  detect  the  presence  of 
one  part  bilirubin  in  80,000  parts  liquid.  The  green  ring  must 
never  be  absent;  and  also  tiie  reddish  violet  must  be  present  at  the 
same  time,  otherwise  the  reaction  may  be  confused  with  that  for 
lutein,  which  gives  a  blue  or  greenish  ring.  The  nitric  acid  must 
not  contain  too  much  nitrous  acid,  for  then  the  reliction  takes  place 
too  quickly  and  it  does  not  become  typical.  Alcohol  must  not  be 
present  in  the  liqaid,  because,  as  is  well  known,  it  gives  a  play  of 
colors,  in  green  or  blue,  with  the  iicid. 

HufPERT's  Reaction.  If  a  solution  of  bilirubin-alkali  is  treated 
with  milk  of  lime  or  with  calcium  chloride  and  ammonia,a  precipi- 
tate is  produced  consisting  of  bilirubin-calcium.  If  this  moist  pre- 
cipitate, which  has  been  washed  with  water,'is  placed  in  a  test- 
tube  and  tlie  tube  half  filled  with  alcohol  which  has  been  acidified 
with  sulphuric  acid,  and  heated  to  boiling  for  some  time,  the  liquid 
booomea  emerald-green  or  bluish  green  in  color.  This  reaction  is  a 
good  and  easily-performed  test  for  bile-pigments, 

In  regard  to  the  modifications  of  Rmelin's  test  and  certain 
other  reactions  for  bile-pigments,  see  Chapter  XIV  (Urine). 

That  the  cfaaiacteristic  play  of  colors  in  Gmelin's  test  is  the 
resalt  of  an  oxidation  is  generally  admitted.  The  first  oxidation 
step  is  the  green  biliverdin.  Then  follows  a  bine  coloring  matter 
which  Hrinsids  and  Campbell  call  bilici/anin  and  Stokvis  calls 
eheUeyanin,  and  which  shows  a  characterUtic  absorption-spectrum. 
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ITie  neutral  solutions  of  these  coloring  matters  are,  according  to 
Stokvib,  blaieli  green  or  steel-blue  with  a  beuutiful  blue  fluores- 
cence. The  alk»iine  Holutlonij  are  green  and  have  no  marked 
fluorescence.  The  neutral  and  alkaline  solutions  show  three  ab- 
sorption-ban  da,  one  sharp  and  dark  in  the  red  between  C  and  D, 
nearer  to  C;  a  second,  le>»  defined,  covering  D;  and  a  third,  form- 
ing only  a  £iint  ehadov,  in  the  green,  exactly  in  the  middle, 
between  D  and  E.  The  strongly-acid  solutions  are  violet-bine  and 
show  two  bands,  described  by  Japf^,  between  the  lines  C  and  E, 
separated  from  each  other  by  a  narrow  space  near  D.  The  next 
oxidation  step  after  these  blue  coloring  mutters  gives  a  red  pig- 
ment, and  lastly  a  yellowish -brown  pigment,  called  choleielin  by 
Maly,  which  shows  uo  absorption -spectrum. 

Bilirubin  is  best  prepared  from  gall-stones  of  oxen,  these  con- 
cretions being  very  rich  in  bilirubin -calcium.  The  finely -powdered 
concrement  is  first  exhauBted  with  ether  and  then  with  boiling 
water,  so  as  to  remove  the  choleatenn  and  bile-acids.  The 
powder  is  then  treated  with  hydrochloric  acid,  which  sets  free  the 
pigment.  Wash  thoroughly  with  water  and  alcohol,  dry,  and 
extract  continuously  witli  boiling  chloroform.  After  distilling  the 
chloroform  from  the  solution,  treat  the  powdered  residue  with 
absolute  alcohol  to  remove  the  bilifuscin  ;  dissolve  the  remaining 
bilirubin  in  a  little  chloroform  ;  precipitate  it  from  this  solutiou  by 
alcohol,  and  do  this  several  times  if  necessary.  The  bilirubin  is 
finally  dissolved  in  boiling  chloroform  and  allowed  to  crystallize  on 
cooling.  The  quantitative  estimation  of  bilirubin  may  be  made  by 
tht'  sp(.«tro- photo  metrical  method,  according  to  the  steps  suggested 
for  the  blood -coloring  matters. 

BiliTerdin,  C,n,NOt.  This  body,  which  is  formed  by  the  oxida- 
tion of  bilirubin,  occurs  in  the  bile  of  many  animals,  in  vomited 
matter,  in  the  placenta  of  the  hitch  (?),  in  the  shells  of  birds'  eggs, 
in  the  urine  in  icterus,  and  sometimes  in  gall-stones,  although  in 
very  small  quantities. 

Biliverdin  is  amorphous,  or  at  least  it  has  not  been  obtained  in 
well-defined  crystals.  It  is  insoluble  in  water,  ether,  and  chloro- 
form (this  is  true  at  least  for  the  artificially-prepared  biliverdin, 
while  the  green  pigment  of  ox-hile  is  soluble  in  cliloroforni,  accord- 
ing to  MacMunn),  hut  is  soluble  in  alcohol  or  glacial  acetic 
aoid,  showing  a  beautiful  green  color.  It  is  dissolved  by  alkalies 
giving  a  browuieli-greeu  color,  and  this  eolation  is  precipitated  by 
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acids,  as  well  a»  by  calcium,  barium,  and  lead-salts,  fiiliverdin 
gives  Huppebt's  and  Ohelin's  reactions,  commencing  with  tlie 
blue  color.  It  ig  converted  into  hydrobilirnbin  bj  nascent  hydro- 
gen. On  allowing'  the  green  bile  to  stand,  also  by  the  action  of 
ammonium  sulphide,  the  biliTerdiu  may  be  reduced  to  bilirubin 
(IIaycbaft  and  Scofield). 

Biliverdin  is  moet  simply  prepared  by  allowing  a  thin  layer  of 
un  alkaline  solution  of  bilirnhin  to  stand  exposed  to  the  air  in  a 
dish  until  the  color  is  brownish  green.  The  solution  is  then  pre- 
cipitated by  hydrochloric  acid,  the  precipitate  washed  with  water 
Qutil  no  HCl  reaction  is  obtained,  then  dissolved  iu  alcohol  and 
the  pigment  again  separated  by  the  addition  of  water.  Any  biliru- 
bin present  may  be  removed  by  means  of  chloroform, 

Biltfaicin,  HO  Dameil  by  Stadelek,  is  bd  aiuorphouB  brown  pigraent, 
■oluble  In  alcoliol  and  HlkBlies,  nvarij  iosoluble  in  water  and  otlier.  and 
floluble  wilh  grisat  dilliculty  In  cbloroform  (wlien  bilirubin  is  uot  present  al 
■be  aaiiie  linie).  Il  is  found  la  posi-mortem  b[le  and  gall-stoneH.  Bilipratin 
is  a  green  piguicnt  prepared  by  StXdkler  from  gall-stonea.  whlcb  perliaps  ib 
only  a  mixture  of  biliverdin  and  blHrubin.  Bilihumin  is  tbe  name  given  by 
Stadelsr  to  that  bronnisli  amorphous  rebidno  which  is  left  after  extracting 
gall-stones  wilh  chloroform,  alcohol,  and  ether.  It  does  not  give  Gmsuk^ 
leat.  BiHeyanin  is  also  found  in  human  gall-slonea  (HEmaitiB  and  Caui'' 
bell).  L'holo  /urmntin,  eo  called  by  HacMunn,  U  a  pigment  often  occurring 
in  sheep-  and  ox-bile  and  chtimcterized  by  four  absorption- bands,  and  wtiicii 
is  ftvuitd  fivro  hiemaiin  by  the  action  of  sodium  amalgam.  In  the  dried  con- 
dition, oblalned  b^  the  evaporntioQ  of  tbe  chloroform  solution,  it  is  green,  and 
In  alcoholic  solution  olive-brown. 

Gmelin's  and  Huppert's  reactions  are  generally  used  to  detect 
the  presence  of  bllo-pigments  in  animal  Auids  or  tissues.  The  first, 
as  a  rule,  can  be  performed  directly,  and  the  presence  of  albumin 
does  not  interfere  with  it,  but,  on  the  contrary,  it  brings  out  the 
play  of  colors  more  strikingly.  If  bluod-coloring  matters  are  present 
ut  the  same  time,  the  bilc-coloring  matters  are  first  precipitated  by 
the  addition  of  sodium  phospliuto  and  milk  of  lime.  This  precipi- 
tate containing  the  bile-pigments  may  be  used  directly  in  HtTPPEET'a 
reaction,  or  may  be  trentotl  with  water  and  some  byiJrochloric  acid, 
and  then  shaken  with  chloroform  free  from  alcohol,  and  this 
chloroform  solution  used  iu  testing  for  the  bile-pigments. 

Besides  the  bite-acids  and  bile-pigmenta  we  also  have  in  the 
bile  cholesteriii,  lecithin,  palmitin,  stearin,  olein,  and  soaps  of  the 
oorres[)onding /ffWy  <tcidg.  In  some  animals  the  bile  contains  a 
diaatatic  enzyme.  ChoUn  and  glycero-phosphoric  acid,  when 
they  are  present,  may  be  considered  as  decomposition  products  of 
lecithin.  Urea  occurs,  though  only  as  traces,  as  a  physiological 
oonstitnent  of  human,  ox,  and  dog  bite.     The  mineral  comstiiuenls 
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of  the  bile  are,  beaides  the  alkalies,  to  which  the  bile  aods  are 
united,  sodium  and  potaBsium  ohiorido,  calcium  and  magnesium 
phosphate,  and  iron — 0.04-0.11  p.  m,  in  human  bile,  chiefly  com- 
bined with  phosphoric  acid  (YouJfGj.  Traces  of  copper  are  habitu- 
ally present,  and  traces  of  zinc  are  often  found.  Sulphates  are 
entirely  absent  or  only  occur  in  very  small  amounts. 

Quantitative  Ciimponition  of  the  Bile.  Complete  analysea  of 
human  bile  have  been  made  by  Hoppe-Seylek  ami  his  pupils. 
The  bile  was  removed  as  fresh  as  possible  fi'om  the  gall-l>ladder  of 
cadavers  whose  livers  showed  uo  remarkable  change.  The  follow- 
ing figures  of  SoroLOFF  ore  the  average  of  six  analyses,  and  those 
of  Hoppe-Seylek  of  five  analyses.  The  relationship  between  the 
glycocholate  and  taurocholate  was  found  by  fusing  the  precipitate 
consisting  of  biliary  alkalies  obtained  by  ether  from  the  alcoholic 
extract  with  saltpetre  and  soda.  On  determining  the  amount  of 
sulphur  in  the  fused  muss  the  tanrocholic  acid  can  be  calculated 
from  this,  100  parts  BaSO,  correspond  to  220.86  parts  tanrocholic 
acid.     The  figures  are  parts  per  1000, 

TniFiHowKEi,     SoooLorr.  Hopiv-Setlkm. 
I.        II. 

Mucin  24,8    18.0»       „,  ™,         12.» 

Remaining  bodies  iusol.  iustcDhoI..    4  5    14.6  (       ^'"^  1.4 

TaurocboTste 7.  S    19.3  1 5,67  8.7 

Glycocholate 21.0      44         4»04         80.3 

8oaps BI     I0.»         14.6U         18.9 

Gholesteriu 2  5      8.3  8.5 

LecitWD (  .„      0.3  ....  8.3 

Fat f   ''■*      8.6  ....  7.S 

Ferric  pbosphine. 0.168 

Older  and  less  complete  analyses  of  human  bile  have  been  made 
by  Frerichs  and  v.  Goedp-Besanez.  The  bile  analyzed  by  them 
waa  from  perfectly  healthy  persons  who  had  been  executed  or  acci- 
dentally killed.  The  two  analyses  of  Frerichs  are,  respectively, 
of  (I)  an  18-year-old  and  (11)  a  33-year-old  male.  The  analyses  of 
V.  Gordp-Besanez  are  of  (I)  a  man  of  49  and  (11)  a  woman  of  29. 
The  results  are,  as  usual,  in  parts  per  1000. 

Fhebicbb.  v.  Gdhdp-Biuhii. 

Water 860,0  85a.3  822  7  8B8 1 

Solids 140.0  140.8  177..1  101.9 

Biliary  salts 72.2  B1.4  107.9  56,5 

Hucus  and  pigments 26,6  29.8  22,1  14.5 

Cboleslerin 1 .6  2.6 1  .-  „  „„  „ 

Fat 8.2  9.2t  "  "*  ^* 

iDorpiDic  aulwtuces 6.5  7.7  10.8  6.8 
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The  bile  of  tho  gall-bladder  is,  as  above  stated,  richer  in  solids 
than  the  bilo  of  the  liver.  Human  bile  obtained  by  means  of  a 
fistula  contained  23,4-22.8  p.  m.  solids,  according  to  Jacobsek, 
who  determined  tlie  minei'al  AubBtancBB  in  the  same  bile  and 
found  the  following,  calculated  from  the  dry  residue:  KCl  13.85, 
NaCl  345.1,  Na,PO,  59.8,  Ca,{PO,)=  1C.7,  and  Na,CO,  41.8  p.  m. 

The  relationship  between  the  amounts  of  gijcocholates  and 
taurocholates  in  the  hnmun  bile  Gcems  to  be  quite  variable. 
According  to  the  analyses  and  observations  of  the  majority  of  in- 
vestigators, the  human  bile  is,  in  most  cases,  relatively  richer  in 
glycochoJic  acid  and  correspondingly  poor  in  taurocholic  acid. 

In  animals  tho  relative  proportion  of  the  two  acids  varies  very 
much.  It  has  been  found,  on  determining  the  amount  of  sulphur, 
that,  so  far  ua  the  esperiments  have  gone,  taurocholic  acid  is  the 
prevailing  acid  in  carnivorous  mammalia,  birds,  snakes,  and  Gshes. 
Among  the  horbirora  sheep  and  goats  have  a  predominance  of 
taurocholic  acid  in  the  bile.  Ox-bile  sometimes  contains  tauro- 
cholic acid  in  escess,  in  other  cases  glycocholic  acid  predominates, 
and  iu  a  few  cases  the  latter  occnra  almost  alone.  The  bile  of  the 
rabbit,  hare,  and  kangaroo  Gontuins,  like  the  bite  of  the  pig,  almost 
excluBively  glycocholic  acid,  A  distinct  influence  on  the  relative 
amounts  of  the  two  bile-acida  by  different  foods  has  not  been  de- 
tected. RiTTER  claims  to  have  found  a  decrease  in  the  quantity 
of  taurocholic  acid  in  cidves  when  they  pass  from  the  milk  to 
the  plant  diet. 

The  gasex  of  the  bile  consist  of  a  large  quantity  of  carbon 
dioxide,  wiiich  increases  with  the  amount  of  alkalies,  only  traces  of 
oxygen,  and  a  very  small  quantity  of  nitrogen. 

Lllile  U  known  in  regard  lo  tbe  prapertUi  of  the  bile  in  dite/iMi.  The  quan- 
\\ty  of  urea  is  fuiiod  to  bo  cuasitii-rBbly  incrensiil  iu  untniiii  Z«u«in  and 
Utrotia  are  observed  Id  acute  yellow  atropbjr  ot  llie  llvt^r  nad  fa  typhus, 
TmCM  of  albumin  (without  regard  lo  nucleoalbumiii)  have  several  litne« 
bwii  fuuDd  Iu  llie  Iiiitiibq  bile.  The  so-csllcil  plgmentaTy  adiolia,  or  the 
■eomlion  of  n  bite  coulniulne  blle-Hcida  but  no  bile- pigments,  has  also  been 
repMiKllj  Doiiced.  In  nlf  such  cusea  observed  lij  Rittbk  he  found  a 
fatty  degencratii>n  of  the  tlver-cells,  in  returii  for  wliich,  even  iu  excessive 
(ftt  infilliBtion,  B  normal  blie  conUkiuing  pigments  was  seereled.  The  secre- 
tion of  a  bile  nearly  free  from  bile-aclils  has  been  observe<l  by  Hoffb-Sbtlek 
Id  amylaceoiia  degeneration  of  tbe  liver,  iind  also  by  E,  MOknbr.  A  number 
of  •UDBtances,  such  as  lurpenliue.  snlicylic  ncId.  p.itaa.^ium  bromide  and 
Iodide,  •rscnlc.  iron,  lead,  and  merciiry  (Phkvost  nnd  Biset),  arc  elimiiiiit*d 
by  Ibe  bile.     Id  aidmaU,  dogs,  and  eH]>edBtly  rabbils  It  has  Iwen  ohseivt^ 
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tliat  the  Mond-colorbg  matters  pnM  into  the  bile  In  poisoning  and  In  other 
cues,  cBiiaiog  a.  tlestructlon  of  the  blood -corpugclea  (Wkhthbuieb  and 
UsTKtt.  Fll^BNE). 

Chemical  Formation  of  the  Bile.  The  Qrst  qaeetion  to  be 
answered  is  tlie  folIowiDg:  Bo  the  Bpeclfic  constituents  of  tho  bile, 
the  bile-acids  and  bile-pigmenta,  originate  in  the  liver;  and  if  this 
is  the  case,  do  tliej  come  from  this  organ  only,  or  are  thej  alao 
formed  elsewhere  V 

The  investigations  of  the  blood,  and  especially  the  comparative 
investigations  of  the  blood  of  the  portal  and  hepatic  veins  under 
normal  conditions,  have  not  given  uny  answer  to  this  question.  To 
decide  this,  therefore,  it  Is  Deceasary  to  extirpate  the  liver  of 
animals  or  isolate  it  from  the  circulution.  If  the  bile  constituonla 
are  not  formed  in  the  liver  or  at  leiist  not  alone  in  this  organ,  but 
only  eliminated  from  the  blood,  then,  after  the  extirpation  or  re- 
moval of  the  liver  from  the  circulation,  an  accumulation  of  the  bile 
constituents  is  to  be  expected  in  the  blood  and  tlsBiies.  If  the  bil» 
constituents,  on  the  contrary,  are  formed  exclusively  in  the  liver, 
then  the  above  operation  naturally  would  give  no  such  result.  It 
the  choledochua  duct  is  tied,  then  the  bile  constituents  will  bo 
collected  in  the  blood  or  tissues  whether  they  are  formed  in  th<' 
liver  or  olsewhero. 

From  these  principles  KObueb  has  tried  to  demonstrate  by  ex- 
periments on  frogs  that  the  6i7e-fl^^irfs  are  produced  exclusively  in  the 
liver.  While  he  was  unable  to  detect  any  bile-acids  in  tho  blood 
and  tissues  of  these  animals  aftor  extirpation  of  the  liver,  still  ht 
was  able  to  discover  them  on  tying  tho  choledochus  duct.  Tho 
investigations  of  Luowia  and  Fleischl  show  that  io  the  dog 
the  bile-acida  originate  in  the  liver  alone.  After  tying  the  chole- 
dochus duct  they  observed  that  the  bile  conatituenta  were  absorbed 
by  the  lymphatic  vesaela  and  passed  into  the  blood  through  the 
thoracic  duct.  Bile-acids  couid  be  detected  in  the  blood  after  such 
au  operation,  while  they  could  not  be  detected  in  the  normal  blood. 
But  when  the  choledochus  and  thoracic  ducts  were  both  tied  at  the 
same  time,  then  not  the  least  trace  of  bile-acids  could  be  detected 
in  the  blood,  while  if  they  are  also  formed  in  other  organs  and  tissues 
they  should  have  been  present.  The  general  opinion  is  that  the 
bile-acida  are  formed  only  in  the  liver;  still  there  are  invoatigatore 
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who  bare  other  views.  Baldi  claims  that  the  formation  of  bile* 
acids  does  not  take  place  only  in  the  liver,  but  in  the  entire 
organism,  and  he  claims  to  have  detected  bile-acids  in  the  normal, 
circulating  blood  of  different  organs. 

It  hiLs  been  indubitably  proved  that  the  bile-pigments  may  <k 
formed  in  other  organs  besides  the  liver,  for,  as  is  generally  ad- 
mitted, the  coloriug  matter  h^matoidiu,  which  occurs  in  old  blood 
extravasations,  is  identical  with  the  bile-pigment  bilirubin  (see  page 
80).  Latschenberqer  has  also  observed  in  horses,  under  physio- 
logical conditions,  a  formation  of  bile-pigments  from  the  blood- 
eoloring  matters  in  the  tissues.  Also  the  occurrence  of  bile- 
pigments  in  the  placenta  seems  to  depend  on  their  formation  in 
that  organ,  while  the  occurrence  of  small  qnantities  of  bile-pigments 
in  the  blood-serum  of  certain  animals  probably  depends  on  an  ab- 
sorption of  the  same. 

Though  the  bile-pigmeuts  may  be  formed  in  other  organs,  it 
rtill  seems  that  their  formation  nnder  physiological  conditions 
occnrs  mainly  in  the  liver.  By  experimenting  on  pigeons  Stekn 
was  able  to  detect  bile-pigments  in  the  blood-serum  five  hours  after 
tying  the  biliary  passages  aloue,  while  after  tying  all  the  vessels  of 
the  liver  and  also  the  biliary  passages  no  bile-pigments  could  be 
'  detected  either  in  the  blood  or  the  tissues  of  the  animal,  which  was 
killed  10-12  hours  after  the  operation.  Minkow.ski  and  Nadnyn 
have  also  found  that  poitioning  with  arseniurctted  hydrogen  pro- 
duces a  liberal  formation  of  bile-pigments  and  the  secretion,  after  a 
fihort  time,  of  a  urine  rich  in  biliverdin  in  previously  healthy  geese. 
In  geese  with  extirpated  livers  this  does  not  occur.  The  great  im- 
portauoo  of  the  liver  in  the  formation  of  bile-pigments  seems  to  be 
Kttled,  even  though  these  bodies  may  be  formed  also  in  other  organs. 
In  regard  to  the  materials  from  which  the  bite-acids  are  pro- 
duced, it  may  ho  said  with  certainty  that  the  two  components, 
glycocoll  and  taurin,  which  are  both  nitrogenized,  are  formed 
ttom  the  protein  bodies.  In  regard  to  the  origin  of  the  non-uitro- 
^nized  cholalic  acid,  which  was  formerly  considered  as  originat- 
ing from  the  fats,  we  know  nothing  positively. 

The    blood -coloring    matters   are  considered   as  the    mother- 

nbstance  of  tlie   bile-pigments.     If  the   identity   of  hsematoidtn 

bilirubin  were  beyond  doubt,  then  this  view  might  be  consid- 


THE  LIVKR. 


161 


eioii  w,  proved,  ludependeutly,  howeTer,  of  this  identity,  which  is 
not  admitted  by  all  inveatigntors,  tlii!  view  that  the  bile- pigments 
are  derived  from  the  blood-coloring  matters  haa  strong  arguments 
in  its  favor.  It  has  been  shown  by  several  eiperimentera  (lately  by 
Latschbvber«er)  that  a  yellow  or  yellowish-red  coloring  matter 
oanbe  formed  from  the  blood-coloring  matters  which  gives  Gmelin'8 
test,  and  which,  though  it  may  not  form  a  complete  bile-pigmcnt, 
is  at  least  ii  etep  in  its  formation  (I^tschenb erg ub).  A  further 
proof  of  the  formation  of  the  bile-pigments  from  the  blood-color- 
ing matters  consists  in  the  fact  that  hxniatin  yields  urobilin,  which 
ie  identical  with  hydrobllirubin,  on  reduction  (IIoppe-Seyler). 
Other  inveatigatora  (Nencki  and  Sieber  and  Le  Nobel)  claim 
that  the  aubstaiice  thus  obtained  is  not  true  urobilin,  but,  uU  things 
considered,  it  seems  to  be  very  nearly  related. 

But  even  though  the  identity  of  urobilin  with  the  hydro- 
bilirabin  obtained  by  the  reduction  of  bilirnbin  is  disputed  by 
certain  inveatigatora  (MacMumn),  still  the  substances  may  he  ao 
closely  related  that  the  relationship  will  serve  as  a  proof  of  l!ie  for- 
mation of  bilirubin  from  the  blood-coloring  matters.  Further, 
hsmatojwrphyrin  (nee  page  7S)  and  bilirubin  are  iaomers,  accord- 
ing to  Nencki  and  Sikbek,  and  nearly  iiUied.  The  formation  of 
bilirubin  from  the  blood-coloring  mutters  is  shown,  according 
to  the  observations  of  several  investigators,  by  the  appearance  of 
fr^e  hjemoglobin  in  the  plasma — by  the  destruction  of  the  red 
corpuscles  by  widely-differing  influences  (see  below)  or  by  the  in- 
jection of  lisemoglobin  aolution — causing  an  increased  formation  of 
bile-pigments.  The  amount  of  pigments  in  the  bile  is  not  only 
considerably  increased  (Taechanoff),  but  the  biie-pigmenta  may 
even  paas  into  the  urine  under  certain  circumstances  (icterus). 
After  the  injection  of  hsemoglobin  solution  into  a  dog  either  sub- 
cutaneously  or  in  the  peritoneal  cavity,  Gokodecki  observed  in  the 
secretion  of  pigments  by  the  bile  an  increase  of  60;*  which  lasted  for 
twenty  !iours. 

If,  then,  iron.free  bilirnbin  is  derived  from  the  hiematin  con- 
Uining  iron,  then  iron  must  be  split  off.  This  process  may  be 
represented  by  the  following  formula,  according  to  Nencki  and 

SlEBEH, 

OaH^N.O.Fe  -|-  2H,0  -  Fe  =  2C„H,.N,0,, 


THE  LIVER 


163 


suiiic  time  (Leydkn).  This  distiuction,  however,  cannot  be  main- 
taiued.  It  is  certiiinly  true  that  the  presence  of  more  than  traces 
of  bile-acids  in  the  urine  indicates  the  existence  of  hepatogenic 
icterus;  but  cases  of  absorption  icterus  undoubtedly  occur  in  which 
no  bile-acids  can  be  detected  iu  the  nnne. 

It  has  been  clearly  demonstrated  by  the  above-mentioned  obser- 
vatious  of  Minkowski  and  Nadntn  on  gecBO  with  extirpated 
livera  that  tlio  bile-pigments  are  formed  in  the  liver  in  arseni- 
uretted  hydrogen  icterus.  It  has  also  been  demonstrated  by  Stadel- 
MASN  and  Afa^nassiew  that  the  icterus,  after  poisoning  by  arseni- 
uretted  hydrogen  or  by  toluylendiumin,  must  be  considered  as  an 
absorption  icterus.  Perhaps  the  icterus  dopeodg  in  these  coses 
upon  the  fact  that  the  viscosity  of  the  abundantly-secreted  bile  may 
form  a  check  to  its  outflow,  which  counteracts  tiie  low  secretion 
pressure,  so  that  a  stowing  and  absorption  occurs  (pntychoUc 
icterus).  It  is  also  possible  that  other  cases  of  so-called  luematogenic 
icterus  may  he  of  an  analogous  kind,  and  that  every  icterus  is 
consequently  hepatogenic.  The  occurrence  of  htematogenic  icterus 
cannot  be  considorod  as  proved  beyond  doubt,  and  it  is  questioned 
by  several  recent  investigators. 


Appendix  to  the  Bile.    Bile  Coucntioni. 

The  concrements  which  occur  in  the  gall-bladder  vary  consider- 
ably in  size,  form,  and  number,  and  are  of  three  kinds,  depending 
upon  the  kind  and  nature  of  the  bodies  forming  their  chief  mass. 
Onegroupof  gall-stones  contains  lime-pigment oscliief  constituent, 
the  other  cholesterin,  and  the  third  calcium  carbonate  and  phos- 
phate. The  concrements  of  the  last-mentioned  group  occur  very 
seldom  in  man.  The  so-called  cholosterin  stones  are  those  which 
occur  most  frequently  in  man,  while  the  lime-pigment  stones  are 
not  found  very  often  in  man,  bnt  often  in  oxen. 

The  pigvienl-stones  are  generally  not  largo  in  man,  but  in  oien 
and  pigs  they  are  sometimes  found  the  size  of  a  walnut  or  even 
larger.  In  most  cases  they  consist  chiefly  of  bilirubin -calcium  with 
little  or  no  biliverdin.  Sometimes  also  small  black  or  greenish 
black,  metallic-looking  stones  are  found,  which  consist  chiefly  of 
bilifusoin  along  with  biliverdin,     Iron  and  copper  eeeni  to  be  reg- 
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\\\ta  conatituenti  of  pigment-stones.  Manganese  and  zinc  have 
uleo  been  found  u  few  timcB.  'Die  pigineot-fltouea  are  generally 
heavier  than  water. 

The  eholfsterinstones,  whose  eiise,  form,  color,  and  strncture 
may  vary  grontly,  are  often  lighter  than  water.  The  fractured  sur- 
face i*  radiated,  crystalline,  and  frequently  aUowa  crystalline,  con- 
oentrio  Uyors.  The  cleavage  fracture  is  waxy  in  appenrnnce,  and 
the  fractured  aurface  when  rubbed  by  the  nail  also  becomes  like 
wax.  By  rubbing  againal  each  other  in  the  gall-bladder  they  often 
become  faceted  or  take  other  remarkable  shapes.  Their  surface  is 
sometimes  nearly  white  and  waxlike,  but  generally  their  color  is 
variable.  The  quantity  of  cholostrin  in  the  atones  variea  from  G42 
to  981  p.  m.  (Rittbk).  The  cholesterin-atones  also  aometimes  con- 
lain  variable  amounts  of  lime-pigments  which  give  them  a  very 
changeable  appearance. 

Oboleiterin,  CaH^iO,  or,  according  to  Reinitzer,  G„II„0. 
Cholesteriu  is  generally  considered  as  a  mouatomic  alcohol  of  the 
formula  C«Hij.OH.  It  yields  a  colored  hydrocarbon  (cholesteriline 
or  cholesferon^),  of  the  formula  CmHu,  with  sulphuric  acid,  and 
this  hydrocarbon  is  claimed  by  Wetl  to  be  n«irly  related  to  the 
terpene  group  It  has  also  been  claimed  that  it  is  closely  allied 
to  oholalic  acid. 

Choleaterin  occurs  in  small  amounts  in  nearly  all  animal  fluids 
Mid  juices.  It  occurs  only  rarely  in  the  urine,  and  then  in  very 
small  quantities.  It  isalso  found  in  the  different  tissues  and  organs — 
especially  abundant  in  the  brain  and  the  nervous  system, — further 
in  the  yolk  ol  the  egg,  in  semen,  and  in  wool-fat.  It  appears  (to- 
gether wiih  isocholeatcrin)  in  the  contents  of  the  intestines,  in 
excrements,  and  in  the  meconium.  It  occurs  pathologically  espe- 
cially in  gall-etonea,  as  well  as  in  atheromatous  cyats,  in  pus,  in  tu- 
b«rctilouB  massoB,  old  transudations,  cystin  fluids,  escremeuts,  and 
tomorB.  Several  kinds  of  cholesterin  seem  to  occur  in  the  plant 
world 

Cholesterin  which  crystallises  from  warm  alcohol  on  cooling, 
Mtd  that  which  is  present  in  old  transudations,  contains  1  mo!,  of 
water  of  crystallisation,  melts  at  137°  C.  and  forms  colorless,  trana- 
INtreot  plates  whose  aides  and  angles  frequently  appear  broken  and 
whoee  acnte  angle  is  often  (6°  30' or  87""  30'.     In  large  quantities 
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it  appeal's  ns  a  mass  of  white  plates  which  shiue  like  mother-of- 
pearl  and  hare  a  greasy  feel. 

Cholesterin  is  insoluble  in  water,  dilnte  acids  and  alkalies.  It  is 
neither  dissolved  nor  changed  by  boiling  caustic  alkali.  It  la  easily 
Boluble  in  boiling  alcohol  and  crystulltzoa  on  cooling.  It  dissolves 
readily  in  ether,  chloroform,  and  benzol,  and  also  in  the  volatile  or 
fatty  oils.  It  is  dissolved  toa  slight  eztent  by  alkali  salts  of  the  bile, 
acids.  For  the  detection  of  cholesterin  we  make  use  of  ita  action 
with  concentrated  sulphuric  acid,  which,  as  above  stated,  gives  a 
colored  hydrocarbon  with  this  acid. 

If  a  mixture  of  five  parts  sulphuric  acid  and  one  part  water  acts 
on  a  cholesterin  crystal,  this  crystal  will  show  colored  rings,  first  a 
bright  Giu-miuo-red  and  then  violet.  This  fact  ts  made  use  of  iu  the 
microscopic  detection  of  cholesterin.  Another  test,  and  one  very 
good  for  the  microscopical  detection  of  cholesterin,  consists  in  treat- 
ing the  crystal  first  with  the  above  dilute  acid  and  then  with  some 
iodine  solution.  The  crystals  will  be  gradually  colored  violet, 
binish  green,  and  a  beautiful  blue. 

Salkowski's  Jieactioit.  The  cholesterin  is  dissolved  in  chloro- 
form and  then  treated  with  an  equal  volume  of  concentntted 
sulphuric  acid.  The  cholesterin  solution  becomes  first  bluish 
red,  then  gradually  more  violet-red,  while  the  sulphuric  acid  ap- 
pears dark  red  with  a  greenish  fluorescence.  If  the  chloroform 
solution  is  poured  into  a  porcelain  dish  it  becomes  violet,  then 
green,  and  finally  yellow. 

Bctnw'e  BeacUoit.  It  a  Utile  cholesterin  f9  pl&ced  in  a  porcelaio  dUb 
with  llie  udditlon  of  a  few  dropB  oF  a  mixture  of  two  to  three  vols.  cone. 
hydrochloric  acid  or  Biilphuric  acid  and  one  vol.  of  a  medium  solution  of 
ferric  clilorlde,  flad  (^relully  cvapcraied  to  dryness  over  a  small  Qame,  a  red- 
diah-vlolet  residue  is  llrat  obtained  and  Lhcn  a  bluiab  violet. 

ir  a  small  qaaiitlty  of  cbolesierin  Is  evaporated  to  diyness  wlili  a  drop  of 
concentrated  nilric  acid,  we  obtuin  a  yellow  spot  which  becnmcs  deep  omnge- 
red  with  Bninionin  or  cauaiic  soda  (uot  a  charnclcriBltc  renclioaj. 

IsoeliolMtttrin.  This  body,  so  eiitled  by  SfaTHTiB.  I*  isomeric  with  Ihi- 
ordinary  choleslerlu  and  occuia  in  wool-fat.  and  is  therefore  found  Id  abun- 
doDt  (iiiauliliea  iu  so-called  Uoolin.  It  does  not  give  Salkowbki'B  or  ScKirr'a 
reactions. 

We  make  use  of  tlie  so-called  eholesterin-Btones  in  the  prepara- 
tion of  cholesterin.  The  jwwder  is  first  boiled  with  water  and 
then  repeatedly  boiled  with  alcohol.  The  cholesterin  which 
on  cooling  separates  from  the  warm  filtered  solution   is  boiled  with 


166  PHYSIOLOGICAL 


h:i  i  IK 


%  eolation  of  canrtic  potash  in  alcohol  so  as  to  saponify  any  iai. 
After  the  en^ration  of  the  alcohol  we  extract  the  cnolesterin  from 
the  residue  with  ether,  Uj  which  the  soaps  are  not  dissolTed,  filter, 
CTaporate  the  ether,  and  parify  the  cholesterin  by  recrystalliiation 
from  alcohcd^tiier.  The  cholesterin  may  be  extracted  from  tissues 
and  floids  by  first  extracting  with  ether  and  then  porifying  as 
aboTe. 

It  is  detected  and  det^mined  qnantitatiTely  in  tissue,  etc,  by 
this  same  method.  It  is  ordinarfly  easUy  detected  in  transudations 
and  pathological  formations  by  means  of  the  microaoope. 


CHAPTER  VII. 


DIGESTION. 


The  purpose  of  the  digestion  is  to  separate  those  constituents 
of  the  food  which  serve  as  the  nutriment  of  the  body  from  those 
which  constitute  the  waste,  and  to  separate  each  in  such  a  form 
that  it  may  be  easily  taken  up  by  the  blood  from  the  alimentary 
canal  and  conveyed  to  its  proper  organism.  This  demands  not 
only  mechanical  but  also  chemical  action.  The  first  action  which 
essentially  depends  on  the  physical  properties  of  the  food  consists 
in  a  tearing,  cutting,  crushing,  or  grinding  of  the  food,  and  serves 
chiefly  to  convert  the  nutritive  bodies  into  a  soluble  and  easily- 
absorbed  form,  or  in  the  splitting  of  the  same  into  simpler  combi- 
nations for  use  in  the  animal  synthesis.  The  solution  of  the 
nutritive  bodies  may  take  place  in  certain  cases  by  the  aid  of  water 
alone,  but  in  most  cases  a  chemical  metamorphosis  or  splitting  is 
necessary,  and  is  effected  by  means  of  the  acids  or  alkalies,  or  by 
the  fluids  secreted  by  the  glands.  The  study  of  the  processes  of 
digestion  from  a  chemical  standpoint  must  therefore  begin  with 
the  digestive  fluids,  their  qualitative  and  quantitative  composition, 
as  well  as  their  action  on  the  nutriments  and  foods. 

I.  The  Salivary  Glands  and  the  Saliva. 

The  salivary  glands  are  partly  albuminous-glands  (as  the  parotid 
in  man  and  mammalia  and  the  submaxillary  in  rabbits),  partly 
mucous-glands  (as  some  of  the  small  glands  in  the  buccal  cavity  and 
the  sublingual  and  submaxillary  glands  of  many  animals),  and 
partly  mioced  glands  (as  the  submaxillary  gland  in  man).  The 
alveoli  of  the  albumin  glands  contain  cells  which  are  rich  in 
albumin,  but  contain  no  mucin.     The  alveoli  of  the  mucin-glands 
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oonlafn  caWt  rich  in  mucin  but  poor  in  Hlbumin.  A  cell  rich  in 
albutniu  miiy  uIm)  occur  iu  the  submaxillary  and  Bublingual  glands 
between  th«  niiicus-cella  and  the  nicmbrana  propria,  which  in  a 
few  ouaeBtakoa  the  form  of  a  half-moon  (lunulu,  accordiug  to 
GiANUZ2l),  and  in  olh«r  casoe  the  cells  rich  in  mucin  are  sun 
rounded  im  by  a  ring,  atid  sometimes  certain  alveoli  may  be  com 
pletely  lliled.  Uy  contiiiuoutt  secretion  the  mncin-cells  seem  to 
givii  up  all  tlii'ir  mucin  {Kwalo,  Stohr),  so  that  only  albumin-cells 
aru  to  bo  seen  (HRtnKMilAlN).  During  rest  the  mncin-cells  are 
r&'formod.  Aocording  to  the  analyses  of  Oidtuan,  the  salivary 
glands  of  a  dog  contain  790  p.  m.  water,  200  p.  m.  organic  and  10 
p.  m.  inorganic  solids.  Among  tho  solids,  in  addition  to  albumin, 
wo  Hnd,  fincleonlbituiin  and  miiciu,  dianinfic  emyvie,  in  certain 
animals  nitcMn,  extractive  bodies,  kudu,  traces  of  xanihin  bodies, 
and  mineml  gnbslancen. 

The  MliTa  is  a  mixture  of  the  secretion  of  the  above-mentioned 
groups  ot  glands;  therefore  it  is  proper  that  we  first  study  each  ol 
thft  difforoul  secretions  by  itself,  and  then  the  mixed  saliva. 

The  ■abmaxillary  salira  in  man  may  be  (taaily  collected  b; 
introducing  a  canula  into  the  Wharton's  duct. 

The  Bnhniaxilliiry  saliva  has  not  always  the  same  composition 
or  proporii<.>s;  tlmne  depend  essentinllj  upon  the  conditions  ander 
which  tho  scon-lion  btlces  plaoe.  That  is  to  say,  the  secretion  is 
partly  dopendont  on  the  cerebral,  partly  on  tho  sympathetic, 
nurrons  sysitcm.  In  consequence  of  this  dependence  the  two  dis- 
tinct varit'tie*  of  submaxillary  sn-retion  are  distingniehed  as  cJiorda- 
aad  9ffmpalhefic  saliva.  A  third  kind  of  saliva,  the  so-called  /xira- 
Ij/tie  Wnvt,  is  secreted  after  poisoning  with  curara  or  after  tlu 
eercriug  of  the  glandular  nervAs. 

Tlic  difference  twtwi^n  chordal  and  armpathetic  saliva  (in  doga) 
I  chiefly  in  their  qnantitative  constitution,  namely,  the  lea 
t  «ym|«thetic  saliva  is  more  viscous  and  richer  in  solida, 
hUy  in  mncin,  ihan  tho  more  abundant  chordal  saliva.  The 
■pedflc  fTTkvitv  of  the  chordal  saliva  of  the  dog  is  1.003 9-1 .0&1€  and 
contains  from  IS  to  14  p.  m.  solids  (K<.'khard).  The  sympathetic 
Ina  a  ^xvifio  gravity  of  1.007&-1.01$.  with  ]6-?S  p.  m.  solids.  The 
gMM  fli  Lb*  chordal  saliva  have  been  inv«etigat«d  by  Pflcokk.  He 
faurf  aS-4LS<  oxtgnt,  0.9~lf  bitrogm,  and  6173-6Ikl3^  csrboa 
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dioxide — all  results  calcuIatBd  at  0°  C.  and  760  mm.  preBeure, 
greater  part  of  the  carbon  dioxide  was  cliemicaliy  combined. 

The  two  kinds  of  submaxiilary  secretion  just  named  have  not 
thus  far  been  separately  studied  in  man.  Tbe  secretion  may  be 
oioited  by  a  psychological  conception,  by  mastication,  and  by  irri- 
tating the  muoouB  membrane  of  the  mouth,  eapeciuliy  with  iicid- 
tustiug  stibHtances.  The  submaxillLiry  saliva  in  man  Is  ordinarily 
clear,  nttiier  thin,  a  little  ropy,  and  frotlie  easily.  Its  reaction  is 
alkaline.  The  specific  gravity  is  1.002-1.003,  and  it  contains  3.6-4.6 
p.  m.  solids.  We  find  as  organic  constituents  mucin,  traces  of 
albumin  and  diastatic  enzyme  is  absent  in  several  sj>ecies  of  animals. 
The  inorganic  bodies  are  alkali  chlorides,  sodium  and  magnesium 
phosphates,  besides  bictirbonatos  of  the  alkalies  and  calcium. 
Oehl  finds  O.OSfj  p.  m.  potassium  siilphocyanide  in  this  saliva. 

The  Sublingoal  SaUva.  The  secretion  of  this  sidiva  is  also 
influenced  by  the  cerebral  and  the  sympathetic  nervous  system. 
The  chordal  stdiva,  which  is  secreted  only  to  a  small  extent, 
contains  numerous  salivary  corpuscles,  but  is  otherwise  transparent 
and  very  ropy.  Its  reaction  is  alkaline  and  contains,  according  to 
Heidknhain,  27.5  p.  m.  solids  (in  dogs). 

The  sublingual  secretion  in  man  has  been  investigated  by  Oehl. 
It  was  cloar,  mucilaginous,  more  alkaline  than  the  submaxillary 
saliva,  and  contained  mucin,  diastatic  enzymes,  and  potassium 
sulphocyanide. 

Buccal  mucus  can  only  be  obtained  pure  from  animals  by  the 
metliod  of  Bidder  and  Schmidt,  which  cousists  in  tying  the  exit 
to  all  the  large  salivary  glands  and  cutting  off  their  secretion  from 
the  mouth.  The  quantity  of  liquid  secreted  under  these  circum- 
stances (in  dogs)  was  so  very  small  that  the  investigators  named 
were  able  to  collect  only  2  grms.  buccal  mucus  in  the  course  of 
twenty-four  hours.  It  is  a  thick,  ropy,  sticky  liquid  containing 
mucin;  it  is  rich  in  form -elements,  above  all  in  flat  epithelium- 
cells,  mucous  cells,  and  salivary  corpuscles.  The  quantity  of  solids 
in  the  bucnul  mucus  of  the  dog  is,  according  to  Biddee  and 
Schmidt.  QS)S  p.  m. 

Parotid  Saliva.  The  secretion  of  this  saliva  is  also  partly  de- 
pendent on  the  cerebral  nervous  system  (n.  glossopharyngeus)  and 
partly  on  the  sympathetic.     The  secretion   may  be  excited  by 
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mental  emotions  and  b;  irritation  of  the  gUndalart)enrea,eitberdi- 
rectl;  (in  animate)  or  reflexty.  by  mechanical  or  chemical  initatioa 
of  the  mncons  membrane  of  the  month.  Among  the  chemical  irri- 
tants the  acids  take  first  place,  while  alkalies  and  pungent  substances 
have  little  action.  Sweet-tasting  bodiee,  such  ae  honey,  are  aiid  to 
haye  no  effect  H&stication  has  great  jnfinence  in  the  secretion  of 
parotid  saliva,  which  is  especially  marked  in  certain  herbivora. 

Hnman  parotid  Balira  may  be  collected  by  the  intro<luction  of  a 
cannla  into  the  parotid  duct.  This  saliva  is  thin,  le^  alkaline  than 
the  enbmaxillary  saliva  (the  first  drops  are  sometimes  neutral  or 
acid),  without  special  odor  or  taste.  It  contains  a  little  albnmio 
but  no  mucin,  which  is  to  be  expected  from  the  construction  of  the 
gland.  It  also  contains  a  diaetatic  enzyme,  wliich,  however,  is  ab- 
Bent  in  many  animals.  The  quantity  of  eolids  variee  between  5  and 
16  p.  m.  The  specific  gravity  is  1.003-1.012.  Potassinm  sulpho* 
cyanide  seems  to  be  pre88nt,thougbit  is  not  a  constant  constituent. 
KiTLZ  found  1.46^  oxygen,  3.2^  nitrogen,  and  in  all  66.7)(  carbon 
dioxide  in  haman  parotid  saliva.  The  quantity  of  closely-com- 
bined carbon  dioxide  was  &Z%. 

The  mixed  baccal  saliva  in  man  is  a  oolorlees,  faintly  opales- 
cent, slightly  ropy,  easily  frothing  liqnid  without  sjiecial  odor  or 
tast^.  It  is  made  tnrhid  by  epithelium  cells,  mucous  and  salirary 
corpuscles,  and  often  by  food  residues.  Like  tliu  sabmaxillury 
and  parotid  saliva,  on  exposure  to  the  air  it  becomes  covered 
with  an  incmstation  consisting  of  calcinm  carbonate  and  a  email 
quantity  of  an  organic  substance,  or  it  gradnally  becomes  cloudy. 
Its  reaction  is  alkaline,  but  occasionally  also  acid.  According 
to  SrtCKBR,  fresh  saliva  may  be  acid  u  few  hours  after  a  meal. 
Two  or  three  hours  after  breakfast  and  four  to  five  honra  after 
ditioer  the  maiimnm  of  acidity  occurs,  and  it  may  also  be  faintly 
add  from  midnight  to  morning.  The  specific  gnivity  varies  between 
l.002and  l.OOO.and  theqnantityofsoHdsbelween  5and  10p.m.  The 
solids,  irrespective  of  the  form-constituents  mentioned,  consist  of 
aitumin,  mucin,  pipaiia.  and  mineral  bodies.  U  is  Jilso  claimed 
that  urea  is  a  normal  const  luent  of  the  saliva.  The  mineral  bodies 
•re  alkali  chlorides,  bicsrbonaies  of  the  alkalies  and  calciam,  phos- 
phates, and  traces  of  ralphHt«c  and  sulphocyanides. 
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SulphocytinideB,  wliich,  although  not  constant,  occur  in  the 
salivtL  of  man  and  certain  animals,  may  be  easily  detected  by  first 
acidifying  the  saliva  with  hydrochloric  acid  and  treating  with  a  very 
dilute  Bolution  of  ferric  chlorido.  To  make  the  teat  more  conclusive 
it  is  best,  as  control,  to  take  an  equal  quantity  of  acidified  water 
and  then  add  ferric  chloride.  Another,  simpler  method,  proposed 
by  QscHEiDLBN,  consists  in  putting  in  a  drop  or  two  of  the  saliva 
on  filter-paper  which  has  previously  been  dipped  in  an  amber- 
colored  solution  of  ferric  chlorido  containing  hydrochloric  acid,  and 
then  dried.  Each  drop  of  saliva  containing  sulphocynnide  will 
give  a  reddish  spot.  If  the  quantity  of  sulphocyimidi.'  is  so  small 
thiit  it  cannot  be  detected  directly,  concentrate  the  saliva  after  the 
addition  of  a  little  alkali,  acidify  strongly  with  hydrocliJoric  acid, 
and  shake  repeatedly  with  ether,  evaporating  the  latter  after  the 
addition  of  water  containing  alkali  over  a  gentle  heat;  then  test  the 
remaining  liquid. 

Ptyalin,  or  siUivary  diastase,  is  the  amylolytic  ferment  of  the 
aaliva.  Tiiis  ferment  is  found  in  human  saliva,  but  not  in  that  of 
animals.  It  occurs  not  only  in  adults,  but  also  in  new-born 
infants.  Zweifel  claims  that  the  ptyalin  in  new-born  infants 
occurs  only  in  the  parotid  gland,  but  not  in  the  submaxillary.  In 
the  latter  it  appears  only  two  months  after  birth. 

Ptyalin  has  not  been  isolated  in  a  pure  form  up  to  the  present 
time.  It  was  obtained  purest  by  precipitation  with  calcium  phos- 
phate (CoHNHEiu).  For  the  study  or  the  demonstration  of  the 
action  of  ptyalin  we  may  use  a  watery  or  glycerin  extract  of  the 
saliTary  glands,  or,  more  simply,  the  saliva  itself. 

Ptyalin.  like  other  enzymes,  iB  characterized  by  its  action,  This 
oonsiats  in  converting  starch  into  dextrin  and  sugar.  According  to 
the  common  acceptation,  soluble  starch  is  first  formed  by  this  action 
and  then  erytiiro-destrin,  wliich  is  further  changed  so  that  we 
obtain  at  the  end  achroo-dcxtrin  and  maltose  with  ii  small  admix- 
ture of  glucose.  Like  starch,  glycogen  is  also  split  by  ptyalin  into 
dextrin  and  sugar  (apparently  maltose)  upon  the  addition  of  water. 
Ptyalin  is  not  identical  with  malt  diastase;  while  the  first  acts  with 
greatest  energy  at  about  -(-  40°  C,  diastase  acts  best  at  +  50°  to 
66°  C.  (CHirrENDBN  and  Martin). 

Ptyalin  acts  in  faintly  alkaline,  in  neutral,  and  in  extremely  weak 
acid  solutions.  It  seems  to  act  moat  energetically  in  neutral  or,  in 
a  few  cases,  in  very  faint  acid  reaction  (Chittenden  and  Schmidt). 
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The  amonnt  of  action  in  the  latter  case  is  dependent  upon  acTeral 
oircnniBtances,  such  as  the  degree  of  dilution  and  the  presence  of 
proteids  or  peptone  (Chittenden),  Of  the  greatest  pliysiological 
importance,  however,  ia  the  fact  that  oven  very  small  quantities  of 
freeacida— not  only  a  degree  of  acidity  of  about  1  p.  m.  HCl, 
which  often  occurs  in  the  gastric  juice,  but  even  a  smaller  quantity 
of  hydrochloric  acid  (organic  acids  are  less  active) — at  once  pre- 
vents the  action  of  the  ptjalin  and  destroys  the  enzyme,  It  is  also 
of  interest  that  boiled  starch  (starch -paste)  is  more  quickly  con- 
verted into  sugar  than  unboiled.  The  time  required  to  change 
unboiled  starch  varies  with  the  kind. 

The  rapidity  with  which  ptyulin  acts  increases,  at  least 
under  conditions  otherwise  favorable,  with  the  amount  of  emyme 
and  a  temperature  a  little  above  -|-  40°  C.  Foreign  subatanres  such  as 
metallic  salts,  have  a  different  effect.  Certain  salts  even  in  small 
quantities  completely  arrest  the  action ;  for  example,  HgCl,  accom- 
plishes this  result  by  the  presence  of  only  0.05  p.  m.  Other  salts, 
such  as  magnesium  sulphate,  in  small  quantities  (0.35  p.  m.)  acceler- 
ate, and  in  larger  quantities  (5  p,  m. )  check  the  action.  The  accu- 
mulation of  the  products  of  the  amylolytic  decomposition  also  checks 
the  action  of  the  saliva. 

To  show  the  action  of  saliva  or  ptyalin  on  starch  the  three 
ordinary  tests  for  glucose  may  be  used,  namely,  Moore's  or 
TEOMifBR'.S  test  or  the  Bisnntth  ted  (see  Chap.  XIV).  It  is  also 
necessary,  as  a  contrai,  to  first  test  the  starch-paste  and  the  saliva 
for  the  presence  of  glucose. 

The  quaiitilalive  composition  of  the  mixed  saliva  must  vary  con- 
siderably, not  only  because  of  individual  differences,  but  also  because 
under  varying  conditions  there  may  be  an  unequal  division  of  the 
secretion  from  the  different  glands.  Analyses  of  the  composition 
of  human  saliva  iire  given  iu  the  table  on  the  opposite  page.  The 
figures  are  parts  per  lOOO. 

The  quantity  of  saliva  secreted  during  34  hours  cannot  be  exact- 
ly determined,  but  has  been  calculated  by  Bidder  and  Schuidt 
to  be  1500  grms.  The  most  abundant  secretion  occurs  during 
meal-times.  According  to  the  calculations  and  determinations  of 
TuczEK  in  man,  1  grm.  of  gland  shonld  yield  13  grms.  secretion 
in  the  course  of  one  hour  during  mastication.      These  figures 


I  . 


n 

51 


Water 

SolidB 

Mucus  and  epllheliiim.. 
Soluble  organic  aubstaucea.. 
(PnaLIn  of  Dirly  iiimtlRBlf — 
BUlpbocjaniilBa 

Salts 


I   8.0-8.4 

flllerod 


0.064 

to 
0.00 


Hauuebbaoheb  found  io  lOOO  parte  of  tbe  ash  from  buman  esllva 
(potub  457.3.  Boda  SS  9.  iron  oxide 50.11.  inaEneaia  1.56.  Rulphuric  aabydride 
80.)  68.8.  phoaphoric  anhydride  lP,0,)  188,48,  aud  chlorine  188.82. 

correBpoDfl  fuirlv  well  with  those  representing  the  avenige  secre- 
tion from  1  grm.  of  gluud  iu  animak,  namely,  14.3  grais.  in  the 
horse  and  6  grniB.  in  oxen.  The  quantity  of  eecretion  per  hour 
ma;  be  8  to  14  times  greater  than  the  entire  mass  of  glands,  and 
there  is  probably  no  gland  in  the  entire  body,  as  far  as  wo  know  at 
present— ^the  kidueye  not  excepted — whose  ability  of  sMretion  under 
physiological  conditions  equals  that  of  the  salivary  glands.  Are* 
markably  abundant  secretion  of  saliva  is  induced  by  pilocarpin, 
while  atropin,  on  the  contrary,  prevents  it. 

Though  an  abundant  secretion  of  saliva  is  produced,  as  a  rnle, 
by  an  increased  supply  of  blood,  still  it  is  not  a  simple  filtration 
process,  as  seen  from  the  following  circumstances.  The  secretion* 
pressure  is  greater  than  the  blood -pressure  in  the  c-irotid,  and  in 
poisoning  by  atropin,  which  paralyzes  the  secretory  nerves,  an  in- 
creased supply  of  blood  is  produced  by  irritation  of  the  chorda,  bnt 
no  secretion  (HEiDKNHAtN).  The  salivary  glands  have  moreover 
RBpecific  property  of  eliminating  certiiin  substances,  snch  as  pota»- J 
sinm  salts  (Salkowsei),  iodine  and  bromine  combinations,  but  nobT 
others,  such  as  iron  cooibiuations.  It  is  also  noticeable  that  thkj 
saliva  is  richer  in  solids  when  it  ia  eliminated  quickly  by  gradtiall^ 
increased  irritation,  and  iu  larger  quantities  than  when  the  s> 
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tion  U  slower  and  lese  abundant  (Heioenbain).  The  amount  of 
saltB  increases  also  to  b  certain  degree  by  an  increasing  rapidity  of 
eliminatioii  (Heidbnhain,  Wbbthbb,  Lahgley  and  Fletcher, 
Novy), 

The  chemical  changcB  talking  place  during  secretion  ore  nu- 
Icnown,  but  it  is  probable  that,  like  the  secretion  processes  in  gen- 
eral, the  secretion  of  saliva  is  closely  connected  with  the  proceaaes 
in  the  cells.  Heidenhaim  claims  that  the  muein-cells  of  the  sub- 
maxillary gland  are  destroyed  (while  Ewalu  and  Stohr  claim  that 
they  only  lose  mucin),  and  in  the  period  of  rest  the  mucin  reap- 
pears in  these  cells.  These  observatious  still  do  not  throw  any  light 
upon  the  chemical  processes  going  on. 

The  Physiological  Importance  of  the  Saliva,  The  quantity  of 
water  in  the  saliva  renders  possible  the  effects  of  certain  bodies  on 
the  organs  of  taste,  and  it  also  serves  as  a  aolv<^nt  for  a  part  of  the 
nntritive  Bubstaaces.  The  importance  of  the  saliva  in  mastication 
is  especially  marked  in  herbivora,  and  there  is  no  question  of  its 
importance  in  facilitating  the  act  of  swallowing.  The  power  of 
coDverting  starch  into  sugar  does  not  belong  to  the  saliva  of  all 
animals,  and  even  when  it  possesses  this  property  the  intensity 
varies  in  different  animals.  In  man,  whose  saliva  forms  sugar  ra- 
pidly, a  formation  of  sugar  from  (boiled)  Btarch  undoubtedly  takes 
place  in  the  mouth,  but  how  far  this  action  goes  on  after  the  morsel 
has  entered  the  stomach  depends  upon  the  rapidity  with  which  the 
acid  gastric  juice  minces  with  tlie  swallowed  food,  and  also  upon  the 
riilntive  amounts  of  the  gastric  juice  and  food  in  the  stomach.  The 
Jiirge  quantity  of  water  which  is  swallowed  with  the  saliva  must 
be  abaorlied  and  pass  into  the  blood,  and  it  must  go  through  an 
intunucdiate  circulation  in  the  organism.  Thus  the  organism  pos- 
BeBBea  in  the  aaliva  an  active  medinm  by  which  a  constant  stream, 
conveying  the  dissolved  and  finely-divided  bodies,  passes  into  the 
bloud  ffiKii  tlifi  intestinal  canal  daring  digestion. 

I  Thit   so^cnllcd  lannr  is  yellow,   gray,   yellowish   gray, 

II  liM  a  stniiSnd  giiuctui-e.    It  may  contain  more  tlian  200 
L,  wliidi  coiisiEl  of  mucin,  epillieiiuni,   aud  lkfto- 

lorganic  conalitueulB  cousists  of  calcium  car- 

vary  stoue  may  vary  In  size  from  Lhe  size  nf 

r  MlU  larger  la  Rilivnry  atone  baa  be«D  found 

Hft'nmable  quanlily  oF  organic  Bubslances, 

HJUlag  th«  atone  wlLh  bytlrocbloric  add. 

k  pIiocpltMle. 


II.  The  Glands  of  the  Mucous  Membrane  of  the  Stomach, 
and  the  Gastric  Juice. 

Since  of  old,  the  glandB  of  the  inucoQii  cotit  of  the  stomach  have 
been  divided  into  two  distinct  kinds.  The  kind  occurring  in 
'  the  greatest  abundance,  and  the  naost  important  in  size,  especially 
in  the  fundus,  has  been  named  fundus  glands,  also  kekset  or 
PKFTONE  glands.  The  other,  which  is  found  in  the  neigh- 
borhood of  ttie  pylorus,  has  received  the  name  of  pyloric  glands, 
sometimeB  also,  though  incorrectly,  mucous  glands.  The  mucous 
coating  of  tbe  stomach  is  covered  to  its  entire  extent  with  a  layer 
of  cyliudiiciil  epithelium,  which  is  considered  as  consisting  exclu- 
sively of  follicles,  small  cnp-shaped  cavities  which  by  a  mucus-like 
metamorphosis  produce  the  protoplasm. 

The  fundus  glandi  contain  two  kinds  of  cells:  adelomor- 
PHic  or  principal  cells,  and  delomorphio  or  pakibtal  cells,  the 
latter  formerly  called  rennet  or  pepsin  cells.  Both  kinds 
consist  of  protoplasm  rich  in  proteids;  but  their  relationship 
to  coloring  matters  seems  to  show  that  tbe  two  albuminous  bodies 
are  not  identical.  The  nncleus  muHt  consist  chiefly  of  nuclein. 
Besides  the  above-mentioned  coDstitut-nts  the  fundus  glands  con- 
tain 38  more  specific  constituents  two  zymogens,  which  are  the 
mother-substances  of  the  pepsin  and  the  rennet,  besides  a  small 
quantity  of  fat  and  eholesteriii. 

The  pyloric  glands  contain  cells  which  are  generally  considered 
as  related  to  the-  above-mentioned  chief  cells  of  the  fundus  glands. 
As  these  glands  were  formerly  thought  to  contain  a  larger  quantity 
of  mucin,  they  were  also  called  mucous  glands.  According  to 
Heideshmn.  independent  of  the  cylindrical  epithelium  of  the 
excretory  passages,  they  take  no  pai-t  woi'thy  of  mention  in  the 
formation  of  mncns,  which,  according  to  his  views,  is  effected  by 
the  epithelium  covering  the  mncous  membrane.  The  pyloric 
glands  also  seem  to  contain  the  zifvtogi'ns  referred  to  above.  Alkali 
chlorides,  alkali  phosphates,  and  calcium  phosphates  are  found  in 
the  mucous  coating  of  the  stomach. 

The  Gastric  Juice.  The  experiments  of  IIelm  and  Reatmont 
on  persons  with  gastric  fistula  led  to  the  suggestion  thiit  gsistric 
fistulas  be  made  ou  animals,  and  this  operation  was  first  performed 
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elements,  glandular  cells  or  their  nuclei,  mucus-corpuaclea,  and 
more  or  lees  cliauged  cylindrical  epithelium. 

The  acid  reactioD  of  the  gastric  jaice  depends  on  the  presence 
of  free  acid,  wliich,  as  we  have  learned  from  the  inveatigationa  of 
C.  Schmidt,  Rileiet,  and  otliere,  seems,  under  physiological  con- 
ditions, to  consist  only  of  hydrochloric  acid.  Under  special  con- 
ditions, as  after  a  meal  rich  in  carbohydrates,  lactic  acid  occnrs  in 
the  contents  of  the  stomach,  and  even  acetic  and  butyric  acid. 
The  quantity  of  free  hydrochloric  acid  in  the  gastric  juice  of  sheep 
is  about  1.3  p.  m.,  and  in  dogs  3  p.  m.  Richet  found  ae  average 
for  80  determinations  of  human  gastric  juice  1.7  p.  m.  free 
hydrochloric  acid,  with  a  variation  between  0.5  and  3  p.  m. 
According  to  Szabo  and  Ewald  and  Boas,  the  human  gastric 
juice  contains  usually  about  3-3  p.  m.  HCL 

The  gastric  juice  seems  to  contain  no  coAgulable  albumin,  but 
contains  traces  of  peptone  or  albumose  (?).  Among  the  organic 
bodies  a  little  mucin  is  found,  and  besides,  especially  in  man,  two 
enzymes,  pepfin  and  renttet. 

The  specific  gravity  of  gastric  juice  is  low,  1,001-1.010.  It  is 
therefore  correspondingly  poor  in  solids.  Afl  examples  of  the 
composition  of  difTerent  kinds  of  gastric  juice  the  analyses  of 
C.  Schmidt  are  here  given.  It  must  be  remarked  that  the  human 
gastric  juice  analyzed  was  diluted  by  saliva  and  water  and  should 
therefore  not  be  considered  as  normal.  The  figures  are  parts  per 
1000. 
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The  physiologicalty  important  conetituentH,  besidefl  free  nyoro- 
chlonc  acid,  »repejisiit  and  rennet. 

FepBin.  This  ejizvme  is  fouud,  with  the  exception  of  certato 
fishes,  in  all  vertubruta  thus  far  investigated. 

Pepain  occura  in  adults  and  in  new-born  iufanta.  This  condi- 
tion is  different  in  new-born  animals.  While  in  a  few  berbivoni, 
snch  aa  the  rabbit,  pepela  occurs  in  the  mucous  cout  before  birth, 
this  enzyme  is  entirely  absent  at  the  birth  of  those  caruivora  which 
hare  thus  far  been  examined,  such  as  the  dog  and  cat. 

In  Tariuus  lavertcbrfiUg  a  fermeDt  hiis  also  been  fotiQd  wliich  has  a  prote- 
olytic: action  iu  acid  solulioua.  KiitiKRNBBnG  bus  abown  Ibal  Ibis  enz)'niu. 
nevertbeless  is  noi  iu  all  nniwals,  Ideuticnl  witb  ordinary  pepsin.  Darwin  baa 
furltier  found  tbal  ccrlaiu  plaDla  wbicb  feed  upon  insecU  sccrtle  au  acid 
Juice  wbich  diasolvea  albumin,  but  it  U  still  doubtful  wbetUer  Ibese  plants 
contain  any  pepsin,  v.  Ourup  Bbbanez  baa  isolated  from  vetch-seed  an 
enitymd  wb'icb  acts  like  pepain,  but  whoae  identity  witb  pepsin  is  doubtful. 

Pepsin  is  as'  difficult  to  isolate  in  a  pure  condition  as  other 
enzymes.  The  purest  pepsin  was  that  prepared  by  Bhucke  and 
ScNDBERO  ;  this  gave  negative  results  with  most  reagents  for 
albumin.  Pepsin,  therefore,  does  not  seem  to  be  a  true  albuminous 
substance.  It  is,  at  least  in  the  impure  condition,  soluble  in  water 
and  glycerin.  It  19  precipitated  by  alcohol,  but  only  slowly  de- 
stroyed. It  is  quickly  destroyed  by  heating  its  watery  solution  to 
boiling;  in  the  dry  state  it  can,  on  the  contrary,  be  heated  to  over 
100°  0.  without  losing  its  physiological  action.  The  only  property 
which  is  characteristic  of  pepsin  is  thiit  it  diseolres  albuminous 
bodies  in  acid,  but  not  in  neutral  or  alkaline,  solutions  with  the 
formation  of  albumoses  and  peptones. 

The  methods  for  the  preparation  of  relatively  pure  pepsin  de- 
pend, as  a  rule,  upon  its  propertv  of  being  thrown  down  with 
finely-divided  precipitates  01  other  bodies,  such  as  calcium  phos- 
phate or  choleaterin.  The  rather  complicated  method  of  Bkucke 
and  8uNDBER0  is  based  upon  this  property.  A  relatively  pure 
pepsin  solution  intended  for  digestion  testa  and  of  effective  action 
may  be  prepared  by  the  following  method  as  suggested  by  Maly, 
The  mucous  membrane  (of  the  pigfn  stomach)  is  trt-aled  with  water 
containing  phosphoric  acid,  and  the  filtrate  precipitated  by  lime- 
water;  the  precipitate,  which  contains  the  )>epsin,  is  then  dissolved 
in  water  by  the  addition  of  hydrochloric  acid, and  the  salts  removed 
by  dialysis,  by  which  means  the  pepsin  which  does  not  diffuse  re- 
'Biutia  m  Che  dialyzer.      A  ])epsiu  solution  somewhat  impure  bnt 
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active  and  not  liable  to  spoil  may  be  obtained  if,  aa  suggested  bv 
V.  WiTTicHS,  we  extract  the  finely-divided  mucous  membrane  with 
glycerin,  or  better  with  glycerin  which  oontaina  1  p.  m.  HCl.  To 
each  part  by  weigiit  of  the  mucous  coat  add  10-20  parts  glycerin. 
This  ia  Gltered  after  8-14  days.  The  pepsin  (together  with  much 
albumin)  may  bo  precipitated  by  alcohol  from  this  exti-act.  If  this 
extract  is  to  be  used  directly  for  digestion  tests,  then  to  100  c.  c,  of 
water  which  has  been  acidified  with  I— 1  p.  m.  IICl  add  2-3  c.  c.  of 
the  extmct. 

For  digestion  tests  an  infusion  of  the  mucous  membrane  of  the 
stomach  may  be  used  directly  in  many  cases.  The  mucous  coat  ia 
carefully  washed  with  water  (if  a  pig's  stomach  is  used)  and  finely 
cut;  if  a  calf's  stoniacli  is  employed,  only  the  upper  layer  of  the 
mucous  coat  is  scraped  off  with  a  watch-glass  or  the  back  of  a  knife. 
The  pieces  of  mucous  membrane  or  the  slimy  masses  obtained  by 
scraping  are  rubbed  with  pure  quartz-sand,  treated  with  acidified 
water,  and  allowed  to  stand  for  24  hours  in  a  cool  place  and  then 
filtered. 

In  the  prepiiration  of  artificial  gastric  juice  that  part  only  of  the 
mucous  coat  richest  in  pepsin  is  used,  the  pyloric  is  of  little  value. 
A  strong,  impure  infusion  may  generally  be  obtained  from  the 
pig's  stomach,  while  a  relatively  pure  and  powerful  infusion  is  ob- 
tained from  the  stomach  of  birds  (hens).  The  stomachs  of  fish 
(pike)  also  yield  a  tolenibly  pure  and  active  infusion.  An  active 
and  rather  pure  artificial  gastric  juice  may  be  prepared  by  scraping 
the  inner  layers  of  a  calf's  stomach  from  which  the  pyloric  end  has 
been  removed.  For  a  medium-sized  calf's  stomach  1000  c  c.  of 
acidified  water  must  be  used. 

The  degree  of  acidity  re<fuired  in  the  infusion  depends  upon 
the  use  to  which  the  gastric  luice  is  to  be  put.     If  it  is  to  be  em- 

fttoyed  in  the  digestion  of  florin,  an  acidity  of  1  p.  m.  HCI  must 
le  selected,  while,  on  the  contrary,  if  it  is  to  be  used  for  the  diges- 
tion of  hard-boiled -egg  albumin,  an  acidity  of  2-3  p.  m.  HOI  is 
preferable.  This  last-mentioned  dugrue  of  acidity  is  generally  the 
better,  because  the  infusion  is  preserved  thereby,  and  at  all  events 
it  is  BO  rich  in  pepsin  that  it  may  bo  diluted  with  water  until  it  has 
an  acidity  of  1  p.  m.  HCl  without  losing  any  of  its  solvent  action 
on  unboiled  fibnn. 

The  Action  of  Pepsin  ov  Profeids.  Pepsin  is  inactive  in  neutral 
or  alkaline  reactions,  but  in  acid  liquids  it  dissolves  coagulated 
albuminous  bodies.  The  proteid  always  swells  and  becomes  trana- 
paront  before  it  dissolves.  Unboiled  fibrin  swells  up  in  a  solution 
containing  1  p.  m.  HCl,  forming  a  gelatinous  mass,  and  does  not 
dissolve  at  ordinary  temperature  within  a  couple  of  days.     Upon 
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Thea  il  snuill  piece  of  bolled-egR  albumlo,  obtained  by  cuttine  thin  slices 
witU  a  cork-cmter,  is  placed  in  eucB  test,  or  a  smali  flake  of  fibrfu  U  added. 
Of  course  care  musl  be  lukeD  U>  odil  the  »anie-8ized  slice  of  c-gg-albuDiia  or 
flake  of  flbrla.  NuwubserTeaudQuIeexacilvlhetlmewbencBcti  ttet  oflhe  two 
Beriea  begins  Ui  digest  aud  when  ll  ends,  and  It  will  be  found  tbat  certain  lesU 
of  one  series  make  »bout  tbe  same  progress  as  certain  tests  of  tlie  otbct  series. 
It  may  t)e  infciTed  from  this  tbat  tliey  contaiu  abonl  ibe  same  quantity  of 
pepsin.  As  example,  it  is  found  in  one  series  of  tests  that  tbe  digestive 
rapidity  of  the  tests  jj  J,  Pt^j,  py,  is  about  tbe  same  as  tbe  tests  y  I.  p  {.  jf  i\ 
tberefore  we  eoDcludc  that  the  liquid  A  is  about  four  times  as  rich  in  jtepsin  as 
tbe  liquid  B. 

The  rapidity  of  the  pepsin  digestion  depends  on  several  i;ircBm- 
atancea.  Thus  different  acids  are  unequal  in  their  action;  hydro- 
chloric acid  shows  a  more  powerful  action  than  any  other,  whether 
an  organic  or  an  inorganic  acid.  The  degree  of  acidity  is  also  of 
the  greatest  importance.  The  most  effective  degree  of  acidity  is 
not  the  same  with  hydrochloric  acid  for  different  ulbutninous 
bodies.  For  fibrin  it  is  0.8-1  p.  m.,  for  myosin,  casein,  and  vege- 
table albumin  about  1  p.  m.,  for  hard-boiled -egg  albumiu,  on  the 
contriiry,  about  2.5  p.  m.  The  rapidity  of  the  digestion  increases, 
at  least  to  a  certain  point,  with  the  quantity  of  pepsin  present,  un- 
less  the  pepsin  added  is  contaminated  by  a  large  quantity  of  pro- 
ducts of  digestion,  which  may  prevent  its  action.  Tha  accumulation 
of  products  of  dii/estion  disturb  the  digestion.  At  low  temperatures 
the  pepsin  acts  slowly  in  warm-blooded  animais,  and  it  iii  nearly 
without  action  at  a  temperature  below  -|~  3°  C.  With  increasing 
temperature  the  rapidity  of  digestion  increases,  and  at  about  40°  C. 
it  ie  greatest.  The  pepsin  of  cold-blooded  animals  also  acts  in  the 
neighborhood  of  0°  C.  If  the  swelling  up  of  the  pruteid  ia  pre- 
vented,aB  by  the  addition  of  neutral  salts,  snch  as  NaCl  in  sufficient 
amounts,  or  by  the  addition  of  bile  to  the  acid  liquid,  the  digestion 
can  be  prevented.  Foreign  bodies  of  different  kinds  can  produce 
different  actions,  in  which  naturally  the  variable  quantities  in  which 
they  are  added  are  of  the  greatest  importance.  Salicylic  acid  and 
carbolio  acid  binder  the  digestion,  while  arsenious  acid  promotes  it 
(Chittendbn),  and  hydrocyanic  acid  is  relatively  indifferent. 
Alcohol  in  large  quantities  (10)(  and  above)  disturbs  the  digestion, 
while  small  quantities  act  indifferently.  Metallic  salts  in  very  small 
qnantities  may  indeed  sometimes  accelerate  digestion,  but  otherwise 
they  tend  to  retard  it.  The  action  of  metullicsults  in  different  cases 
<;an  be  explained  in  different  ways,  but  they  often  seem  to  form 
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with  prot«ids  itiaolable  or  difficnltly-solable  combinationa.  The 
alkaloid  comimunds  may  also  decrease  the  pepsin  digestion  (Chit- 
TBKDES  and  Alles).  a  ¥ery  large  number  of  observations  have 
been  made  in  regard  to  the  action  of  foreign  gnbstances  on  artificial 
pe]Kin  digestion,  but  as  these  observations  have  not  given  any 
direct  result  in  regard  to  the  action  of  these  axme  stibstancea  on 
natural  digestion,  we  will  not  here  further  discnas  them. 

The  Products  of  the  DigMtion  of  Proteids  by  Means  of  Pepsin 
and  Acid,  In  the  digestion  of  nncleo-albnmin  an  insoluble  residue 
of  Duclein  always  remains.  Fibrin  also  yields  an  insoluble  residue, 
which  consists,  at  least  in  great  part,  of  nuclein,  derived  from  the 
form-elements  enclosed  in  the  bIood>clot.  This  residue  which 
remains  in  the  digestion  of  certain  alboroinous  bodies  is  called 
diftfieplone  by  Xeissxer.  It  the  solution  is  filtered  after  a  com- 
plete digestion  and  neutralized,  it  gives  in  different  cases  a  more 
or  less  abundant  precipitate  of  actd  albuminate,  or  a  mixture  of 
albuminates  called  parnpephne  by  3IEISSXEB.  After  filtering  tliis 
precipitate  and  concentrating  the  filtrate  again,  some  proteid  ofien 
separates.  If  this  precipitate  be  filtered,  the  filtrate  will  now  con- 
tain aJbumoaea  and  peptottes  in  the  ordinary  sense,  while  the  so- 
called  troe  peptone  of  KiJHXE  may  sometimes  be  entirely  absent, 
and  in  general  is  obtained  in  quantity  worth  mentioning  only 
after  a  more  continnons  and  intensive  digestion.  The  retutionship 
between  the  albnmoses  and  peptones  in  the  ordinary  sense  changes 
very  much  in  different  cases  and  in  the  digestion  of  various 
albaroinons  bodies.  For  instance,  a  larger  quantity  of  primary 
albtuuosee  is  obtained  from  fibrin  than  from  hard-boiled -egg  albu- 
min or  from  the  proteids  of  meat.  In  the  digestion  of  uuboili-d 
fibrin  an  intermediate  product  muy  be  obtained  in  the  earlier  stages 
of  the  digestion — a  globulin  which  coagulates  at  -|-55°  C.  (Hash- 
BBOKK).  For  information  in  regard  to  the  different  albnmoses  and 
peptones  which  are  formed  in  pepsin  digestion,  the  reader  is 
refemd  to  previous  pages  ('35-28.). 

KiJHNE  claims  that  the  atbumosea  and  peptones  are  the  final 
prodncta  in  the  pepsin  digestion.  IIoppe-Setleb  cluims,  on  the 
otRitnny,  that  amido«cids,  leucin  iind  tyroein,  are  also  fonnd. 
HnscBLKR  has  tried  to  coDfirm  this  view  by  his  investigations. 

I  nethoda  used  by  him  do  not  seem  to  be  quite   trustworthy 


DIGESTION. 


183 


(Neujieister),  and  according  to  Kuhne  aud  Neumeisteh  the 
amido-acids  found  in  the  specified  cusea  as  prodncte  oF  digeatioD 
were  derived  from  the  contamination  of  the  gastric  jaice  employed. 

Action  of  Pepsin  Hydrochloric  Acid  on  other  Bodies,  The  gela- 
tine-forming mhstance  of  the  connective  tissne,  of  the  cartilage  and 
of  the  bones,  from  which  last  the  acid  only  diasolTes  the  inorganic 
substances,  la  converted  Into  gelatine  by  digosting  with  gastric 
juice.  The  gelatine  is  further  changed  so  that  it  loses  its  property 
of  gelatinizing  and  is  converted  into  a  eo-called  gelatine  peptone 
(see  page  38).  True  wkpi'm  (from  the  subniaxillury)  is  dissolved 
by  the  gastric  Juice  and  yields  a  substance  similar  to  peptone  aud  a 
reducible  siibstanne  similar  to  that  obtaiufd  by  boiling  with  a 
mineral  acid.  EUtstin  is  dissolved  more  slowly  and  yields  the 
above-mentioned  substance  (page  36).  Keratin  and  the  opidcrmis 
formation  are  insoluble.  Nuclein  is  not  dissolved  and  the  cell- 
nucleus  is  therefore  inaolnble  in  gastric  juice.  The  animal  cell- 
membrane  is,  as  a  rule,  more  easily  dissolved  the  nearer  it  stands  to 
elaatin,  and  it  dissolves  with  greater  difficulty  the  more  closely  it  is 
related  to  keratin.  The  membrane  of  the  plant-€cU  is  not  dissolved. 
The  oxyhmmoglobin  is  changed  into  heematin  and  acid  albuminate, 
the  latter  undergoing  further  digestion.  It  is  for  thia  reason  that 
blood  is  changed  into  a  dark-brown  mass  In  the  stomach.  The 
gastric  juice  does  not  act  on  fat,  but,  on  the  contrary,  on  fiitty 
tissue  in  which  it  dissolves  the  cell-membrane.  Getting  the  fat  free. 
Human  gastric  juice,  according  to  Lel'BB,  can  convert  cane-sugar 
into  grape-sugar.  Pepsin  hydrochloric  acid  does  not  seem  to  take 
any  part  in  the  decompositions  and  cleavages,  which  the  carbo- 
hydrates may  undergo  in  the  stomach. 

Pepsin  alone,  as  above  stated,  has  no  action  on  proteids,  and  an 
acid  of  the  intensity  of  the  gastric  juice  can  only  very  slowly,  if  at 
all,  dissolve  coagulated  albumin  at  the  temperature  of  the  body. 
Pepsin  and  hydrochloric  acid  together  not  only  act  more  quickly, 
but  qualitatively  they  act  otherwise  than  the  acid  alone.  If  liquid 
proteid  is  digested  with  hydrochloric  acid  of  3  p.  m,,  it  is  con- 
verted into  acid  albuminates;  but  if  the  acid  is  replaced  by  pepsin, 
the  formation  of  syntonin  takes  place  essentially  slower  under  tho 
same  conditions  (Meissmer).  From  this  it  is  inferred  that  a  part 
of  the  hydrochloric  acid  is  combined  with  the  pepsin,  and  we  liave 
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}  here  a,  proof  of  tho  eiiatence  of  a  paired  acid,  called  by  C.  Schmidt 

pepsin  hydrochloric  acid. 

It  htu  been  (urther  susgeatecl  that  tbU  bjpnthetical  acid  is  possibly  tlecom- 
posed  into  pepsin  anil  a  tree  acid,  which  In  Htatu  luuteiuii  dissolves  proteids 
lo  a  certain  liegree.  The  pcpaiu  set  free  reunites  willi  a  new  portion  of  acid, 
forming  pepmu  liydruchloric  ucld,  aud  in  cuniaf^t  with  pivtelds  le  further 
deconiiHiHt.ll  as  altove  desrritied.  It  id  hardiy  Decessary  lo  mentloD  thai  Ihla 
"ilemtut  is  only  an  uuprovod  liypoLhegia. 

Eennet  or  CHTMoam  (Deschamps)  is  the  second  enzyme  of  the 
gastric  juice.  According  to  Boas,  it  is  fouod  in  human  gastric 
tinder  physiological  conditions,  but  may  be  absent  under  special 
pathological  conditions,  such  as  carcinoma,  atrophy  of  the  mucous 
membrane,  and  certain  chronic  catarrhs  (Boas,  Johnson,  Kleh- 
PEKEb).  It  is  habitually  found  in  tho  netitral,  watery  infusion  of 
tho  fourth  stomach  of  the  calf  and  aheep,  especially  in  an  infusion 
of  tho  fundus  part.  In  other  mammalia  and  in  birds  it  is  seldom 
fonnd,  and  in  fishes  hardly  ever  in  the  neutral  infusion.  Instead 
of  this  rennet-forming  substance  a  rennet  zymogen,  from  which  the 
jennet  is  formed  by  the  action  of  an  acid  is  always  found. 

Rennet  is  Just  ag  diEBcult  to  prepare  in  a  pure  state  as  the  other 
enzymes.  The  purest  reunet  enzyme  thns  far  obtained  did  not  give 
the  ordinary  albumin  reactions.  On  heating  its  solutions  it  is  de- 
stroyed, and  indued  more  easily  in  acid  than  in  neutral  solutions. 
If  an  active  and  strong  infusion  of  a  mucous  coat  in  water  contain- 
ing 3  p.  m.  IICl  is  heated  to  37-40°  C.  for  48  hours,  the  rennet  is 
destroyed,  while  the  pepsin  remains.  A  pepsin  solution  free  from 
TeUDot  can  be  obtained  in  this  way.  Rennet  is  chamcterized  by  its 
,  physio  logical  action,  which  consists  in  coagulating  milk  or  a  casein 
Ktlution  containing  lime,  if  neutral  or  faintly  alkaline. 

Bunnet  may  be  carried  down  by  other  precipitates  like  other 
enzymes,  and  thus  may  be  obtained  relativelypure.  It  may  also  be 
obtained,  contaminated  with  a  great  deal  of  proteida,  by  extracting 
the  mucous  coat  of  the  stomach  with  glycerin. 

A  comparatively  pure  solution  of  rcnoet  may  be  obtained  in  the 
following  way.  An  infusion  of  the  mucous  coat  of  the  stomach  in 
lydrocholoric  acid  is  preparedand  then  neutralized,  after  which  it 
IB  repeatedly  slmken  with  new  quantities  of  magnesium  carbonate 
I'nutil  tho  pepsin  is  precipitated.  Tbe  filtrate,  which  should  act 
strongly  on  milk,  is  preci|Utated  by  basic  lead  acetate,  the  preci- 

Kltate  decomposed  with  very  dilute  sulphuiio  acid,  the  acid  liquid 
Itered  and  treated  with  a  solution  of  stearin  soap.     Tbe  rennet  ii 
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thrown  down  by  the  fattj  acids  ect  free,  and  when  tbese  last  are 
pUced  in  water  and  removed  by  shaking  with  ether,  the  rennet  re- 
mains in  the  watery  solutiou. 

A  flirting  animal  cannot  secrete  a  stiongiy-acid  gastric  juice 
The  acid  of  the  gastric  juice  then  cannot  be  derived  from  the  foods. 
but  must  originate  in  the  mucoua  coat.  Ab  the  pyloric  glands, 
which  coutjiin  no  delomorpbic  cells,  secrete  an  alkaline  secretion, 
while  the  fundus  glands,  in  which  such  cells  occur,  yield  an  acid 
secretion,  it  is  generally  assumed  with  Heidenhain  that  the  delo- 
morpbic cells  are  of  special  importance  in  the  secretion  of  free 
hydrochloric  acid — a  statement  which  other  observations  tend  to 
confirm.  Tliat  the  hydrochloric  acid  must  originate  from  the  chlo- 
rides of  the  blood  is  evident;  and  these  latter  must  therefore  un- 
dergo a  decomposition  with  the  setting  free  of  hydrochloric  acid. 
This  decomposition  has  been  considered  us  an  electrolysis,  but  the 
Opinion  has  also  been  held  that  it  may  be  caused  by  some  organic 
acid  formed  in  the  mucous  membrane  (Beuckb). 

Malt  has  called  atteution  to  the  fact  that,  on  account  of  the 
presence  of  a  large  quantity  of  free  carbon  dioxide  in  the  blood  and 
the  avidity  of  the  same,  there  must  be  present  among  the  numerous 
combinations  of  acids  and  bases  which  exist  in  the  serum  traces  of 
free  hydrochloric  acid  in  addition  to  acid  salts.  As  these  traces  of 
hydrochloric  acid  are  separated  from  the  blood  by  means  of  rapid 
diffusion  by  the  glands,  the  action  of  the  carbon  dioxide  must  set 
free  new  traces  of  hydrochloric  acid  in  the  blood,  and  in  this  way 
may  be  explained  the  secretion  in  the  blood  of  large  quantities  of 
hydrochloric  acid.  But  though  the  occurrence  of  traces  of  free  hy- 
drochloric ncid  in  the  alkaline  blood  is  not  denied,  it  does  not  fol. 
low  that  the  hydrochloric  acid  passes  by  diffuaion  from  the  blood 
to  the  gastric  juice.  Similar  processes  in  other  animal  glands 
render  it  probable  that  here,  as  in  other  cases  of  secretion,  wc  have 
to  deal  with  a  yet  unexplttined  specific  secretory  action  of  the 
glandular  cells.  The  process  going  on  in  the  secretion  of  hydro- 
chloric acid  is  not  yet  understood. 

After  an  abundant  meal,  wiien  the  store  of  pepsin  in  the  stom- 
ach is  completely  exhausted,  Schipf  claims  that  certain  bodies^ 
especially  dextrin,  have  the  property  of  causiiig  a  supply  of  pepsin 
in  the  mucous  membrane.     Tliia  "  charge  theory,"  though  eiperi- 
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mentall)'  proveJ  by  eeveral  mTestigatore,  has  nevertheless  not  yet 
been  confirmed.  On  the  contrary,  the  statement  of  Schiff  that  s 
Bubetance  forming  pepsin,  a  "^w^wMi^e/i"  or  " propepsin,"  ocean  in 
the  ventricle  has  been  proved.  Lakclby  has  shown  positively  the 
existence  of  such  a  substance  in  the  macons  coat.  This  substance, 
propcpBiD,  shows  a  comparatively  strong  resistance  to  dilute  alkalies 
(a  soda  solntion  of  5  p.  m.)  which  easily  destroys  pepsin  (Langlijv). 
Pepsin,  OD  the  other  tiand,  withstaoda  better  than  propepsin  the 
action  of  carbon  dioxide,  which  quickly  destroys  the  latter  (Lano- 
lst).  The  occurrence  of  a  rennet  zymogen  in  the  mucous  coat  has 
be«u  mentioned  above. 

The  question  in  which  cells  the  two  zymogens,  especially  the 
propepsin,  are  produced  has  been  extensively  discussed  for  several 
years.  Formerly  it  was  the  general  opinion  that  the  delomorpbic 
cells  were  pepsin-cells,  hut  at  the  present  time  the  theory  univer- 
sally prevails,  based  chiefly  on  the  experiments  of  Heidekuaim 
and  his  pupils,  supported  by  Lasglet  and  others,  that  the  forma- 
tion of  pepsin  goes  on  in  the  adelomorphic  or  principal  cells. 

The  Pyloric  Secretion.  That  part  of  the  pyloric  end  of  the 
dog's  stomach  which  contains  no  fundus  glands  was  dissected  by 
Klesensiewicz,  one  end  being  sewed  together  In  the  shape  of  a 
blind  sack  and  the  other  sewed  into  the  stomach.  From  the  fistula 
thus  created  he  was  able  to  obtain  the  pyloric  secretion  of  a  living 
auimal.  This  secretion  is  alkaline,  ^'iscous,  jelly-like,  rich  in  mncin, 
of  a  specific  gravity  of  1.009-1.010,  and  containing  16.5-20.5 
p.  m.  solids.  It  has  no  effect  on  fat,  but  acts,  though  very  slowly, 
on  starch,  converting  it  into  sugar,  and  habitnally  contains  pepsin 
in  rather  large  amounts.  HEtDEXBAis  has  observed  the  same  in 
permanent  pyloric  fistula. 

The  secretion  of  the  juices  of  the  stomach  is  dependent  to  a 
great  extent  upon  the  excitement  acting  on  the  mucous  coat  of  the 
stomach,  and  it  follows  from  this  that  the  quantity  of  secretion 
under  different  conditions  must  vary  considerably.  The  statements 
of  the  quantity  of  gastric  juice  secreted  in  a  certain  time  are  there- 
fore so  unreliable  that  they  need  not  be  taken  into  account. 

The  Chyme  aad  the  Digestion  in  the  Stomach.  By  the  move- 
ments of  the  walls  of  the  stomach  the  contents  are  kneaded  and  the 
(ood-particlee  preeeed  against  each  other  and  divided.     By  means  of 
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this  meclianical  irritation  of  the  mucoiis  coat  of  the  stomachj  as 
well  a&  by  the  chemical  irritation  caused  by  the  food  and  salivii,  au 
increased  secretion  of  gastric  juice  occurs.  The  food  is  thereby 
freely  mixed  with  li<juid  and  is  gradually  converted  into  a  pulpy 
mass,  the  chyme.  This  muss  is  acid  in  reaction,  aud  with  the  ex- 
ception of  the  interior  of  large  pieces  of  meat  or  other  solid  foods, 
the  chyme  is  acid  throughout.  The  metabolism  products  in  the 
digestion  of  proteids  and  carbohydrates  may  always  be  detected  in 
the  chyme:  likewise  more  or  less  changed  undigested  residues  of 
swallowed  food,  which  indeed  form  the  chief  mass  of  the  consti- 
tuents of  the  chyme. 

In  the  chyme  morsels  of  flesh  more  or  less  changed  are  found 
which,  when  unboiled  flesh  is  partaken  of,  may  be  much  swollen 
and  slippery.  Muscle  and  cartilage  are  also  often  swollen  and 
slippery,  while  pieces  of  bONE  sometimes  show  a  rough  and  uneven 
surface  after  the  digestion  has  continued  for  some  time,  which  de- 
pends upon  the  fact  that  the  gelatinous  substances  of  the  boue  are 
attacked  more  quickly  by  the  gastric  juice  than  the  earthy  parla. 
Milk  coagulates  in  the  etomacli  by  the  combined  action  of  the 
rennet  cuzyme  and  the  acid,  but  in  certain  cases  by  the  action  of  the 
acid  alone.  From  the  relative  quantities  of  the  swallowed  milk  to 
the  other  food  either  large  and  solid  lumps  of  cheese  are  formed  or 
smaller  lumps  or  grains  which  are  divided  in  the  pulpy  mass.  Cow's 
milk  regiilarly  yields  large,  solid  masses  or  lumps;  human  milk 
gives,  on  the  contrary,  a  fine,  loose  coagnlum  or  a  fine  precipitate 
wliich  is  immediately  dissolved  iu  part  by  the  acid  liquid.  The 
milk-sugar  may  pass  into  lactic-acid  fermentation,  and  this  accord- 
ing to  RiCRET,  is  the  reason  why  the  acid  reaction  of  the  contents  of 
the  atomacii  is  greater  st  the  end  of  the  digestion  of  a  meal  consist- 
ing mainly  of  milk. 

Bread,  especially  when  not  too  fresh,  is  converted  rather  easily 
into  a  pulpy  muss  in  the  stomach.  Other  vegetable  foods,  such  as 
POTATOES,  may,  if  not  sufficiently  masticated,  often  be  found  in  the 
contents  of  the  stomach,  very  little  clianged,  several  hours  after  a 
meal. 

Starch  is  not  converted  into  sugar  by  the  gastric  juice,  but  in 
the  first  phases  of  the  digestion,  before  a  large  quantity  of  hydro- 
chloric acid  has  accnmalated,  it  seems  that  the  action  of  the  saliva 
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continnes,  and  therefore  the  piesence  of  dextrin  and  sngar  can  t» 
detected  in  the  contentH  of  the  stomach.  Besides  thia  the  car- 
bohydrates in  the  stomach  may  iu  part  undergo  a  lactioacid  fer- 
mentation, probably  caused  by  the  micro-organiame  present. 

Aci^ording  to  the  invcatigations  of  Ellenkerher  and  Hoff- 
MEisTER  on  lioracB  and  piRS,  after  a  meal  rich  in  amylnceons  bodies 
in  the  drst  phase  of  the  digestion,  an  amtlolyse  takes  place  with 
the  formation  of  lactic  acid;  then  gastric  juice  containing  hydro- 
chloric acid  is  secreted,  then  follows  a  second  phase  in  which  the 
proteolyse  takes  place.  As  a  rule,  the  formation  of  lactic  acid  de- 
creases as  the  secretion  of  hydrochloric  acid  increases.  Ewald 
and  Boas  claim  that  a  similar  condition  also  exists  in  human 
beings.  They  c)aim  that  there  is  in  the  first  stage  of  digestion  a 
predominance  of  lactic  acid  in  the  stomach,  in  the  second  a  simnl- 
taneouB  occurrence  of  lactic  and  hydrochloric  acids,  and  in  the  third 
stage  almost  exclnsively  hydrochloric  acids.  Kjaerqaaut)  has 
lately  formed  the  same  conclusions  from  his  investigations  on 
children  and  robust  peraona.  In  persons  with  altered  blood-vessels 
due  to  senility  the  contents  of  the  stomach  show  chiefly  the  presence 
of  lactic  acid.  iSuch  persons  digest  large  amounts  of  carbohydrates, 
white  the  digestion  of  albuminous  bodies  is  decreased. 

The  Fats  which  are  not  fluid  at  the  ordinary  temperature  melt 
in  the  stomaf^h  at  the  temperature  of  the  body  and  become  fluid. 
In  the  same  way  the  fat  of  the  fatty  structure  is  set  free  in  the 
stomach  by  the  gastric  juice  which  digests  the  cell-membrane.  The 
gastric  juice  itself  tteems  to  have  no  action  on  fats,  but,  according  to 
recent  statements,  a  splitting  of  the  neutral  fats  into  fatty  acids  and 
glycerin  takes  place,  though  not  to  a  great  extent.  This  splitting  is 
not  de{)endent  on  the  bacteria  of  the  contents  of  the  stomach,  or 
at  least  only  to  a  small  extent  (Elemperek  and  ScQEUULEif  j.  The 
soluble  suits  of  the  food  naturally  are  found  dissolved  in  the 
liquids  of  the  contents  of  the  stomach;  but  the  insoluble  salts  may 
alao  be  dissolved  by  the  acid  of  the  gastric  juico. 

)  the  hydrochloric  acid  of  the  gastric  juice  prevents  the 
contents  of  the  stomach  from  fermenting  with  t!ie  generation  of 
gas,  those  gasef  which  occur  in  the  stomach  probably  depend,  at 
leiat  in  great  measure,  upon  the  swallowed  air  and  saliva,  and 
npoo  those  gases  generated  in  the  intestineo  and  retnmed  through 
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the  pyloric  valve.  Plahke  found  in  the  stomach-gaBes  of  a  dog 
66-68;*  N,  25-33^  CO.,  and  only  a  small  quantity,  Q.&-&.\ji,  of 
oxygen. 

Accordiug  aa  the  food  is  finely  or  coarsely  divided  it  paascg 
sooner  or  luter  through  the  pylorus  Into  the  iiitestineB.  From 
Busch's  observations  on  a  human  intestinal  fistula,  it  required 
generally  15-30  minutes  after  euting  for  undigested  food,  such 
as  pieces  of  meat,  to  pass  into  the  upper  part  of  the  intestines. 
Among  the  cases  of  duodenal  fistula  in  hnmiin  beiuge  observed  by 
K  t'HNE,  one  is  mentioned  in  which  he  saw,  ten  minutes  after  eat- 
ing, uncurdled  but  still  coagulable  milk  and  small  pieces  of  meat 
pass  out  of  the  fistula.  The  time  in  which  the  stomach  unburdens 
itaelf  of  its  contents  depends,  however,  upon  the  rapidity  with 
which  the  quantity  of  hydrochloric  acid  increases,  for  it  seems  to 
act  as  a  sort  of  irritant  and  causes  the  opening  of  the  pylorus 
(EwALD  and  others).  Many  other  conditions  also  come  into  play, 
namely,  the  activity  of  the  gastric  juice,  the  quantity  and  character 
of  the  food,  etc,,  etc,  and  therefore  the  time  required  to  empty  the 
stomach  must  be  variable.  Richet  observed  in  a  case  of  stomach 
fistula  that  iu  man  the  quantity  of  food  which  is  in  the  stomach 
the  first  three  hours  is  not  eBsentiully  changed,  but  that  in  the 
course  of  a  quarter  of  an  hour  nearly  all  is  driven  out,  bo  that  only 
11  small  residue  remains,  EiJHKE  has  made  about  the  same  obser- 
vations on  dogs  and  human  beings.  He  found,  indeed,  iu  dogs  that 
in  the  first  hour  small  quantities  of  meat  passed  into  the  intestines 
every  ten  minutes ;  but  he  also  observed  that  in  dogs,  on  an  ave- 
rage, about  five  hours  after  eating,  in  man  somewhat  earlier,  a  free 
emptying  into  the  intestines  takes  place.  According  to  other 
investigators  (Ewald  and  Boas),  the  emptying  of  the  human 
stomach  does  not  take  place  suddenly,  but  gradually.  Beacmont 
found  iu  his  extensive  observations  on  the  Canadian  hunter,  St. 
Martin,  that  the  stomach,  as  a  rule,  is  emptied  1^-5^  hours  after 
a  meal,  depending  upon  the  character  of  the  food. 

The  time  in  which  different  foods  leave  the  stomach  depends 
upon  their  digestibility.  In  regard  to  the  unequal  digestibility  iu 
the  stomach  of  foods  rich  in  proteids,  which  really  form  the  object 
of  the  action  of  the  gastric  juice,  a  distinction  must  be  made  be- 
tween  the  rapidity  with  which   the  proteids  are  converted  into 
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albnmoBBs  and  peptones  and  the  mpidity  with  which  the  food  ia 
converted  into  chyme,  or  at  least  so  prepared  that  it  miiy  easily 
pass  into  the  intestines.  This  distinction  m  especially  important 
from  a  practical  standpoint.  When  a  proper  food  is  to  be  decided 
upon  in  oasea  of  diminished  stomachic  digestion,  it  is  important  to 
select  such  foods  a^,  independent  of  the  difficulty  or  ease  with 
which  their  proteid  is  peptonized,  leave  the  stomach  easily  and 
quickly,  and  which  require  as  little  action  as  possible  on  the  part 
of  this  organ.  From  this  point  of  view  those  foods,  as  a  rule,  are 
most  digestible  which  are  fluid  from  the  start  or  may  be  easilj 
liquefied  in  the  stomach;  but  these  foods  are  not  always  the  most 
digestible  in  the  sense  that  their  proteid  is  most  easily  peptonized. 
As  an  example,  hard-boiled  white  of  egg  is  more  easily  peptDnixed 
than  fluid  white  of  egg  at  a  degree  of  acidity  of  1-2  p.  m.  HCl ; 
nevertheless  we  consider,  and  justly,  that  an  unboiled  or  soft-boiled 
egg  is  easier  to  digest  than  a  hard-boiled  one.  Likewise  uncooked 
meat,  when  it  is  not  chopped  very  fine,  is  not  more  quickly  but 
more  slowly  peptonized  by  the  gastric  juice  than  the  cooked,  but  if 
it  is  divided  sufficiently  fine  it  is  often  more  quickly  peptonized 
than  the  cooked. 

The  greater  or  less  facility  with  which  the  different  albuminous 
foods  are  peptonized  by  the  giistric  juice  has  been  comparatively 
little  studied,  and  us  the  conditions  in  the  stomach  are  more  com- 
plicated, results  obtained  with  artificial  gastric  juice  are  often  of 
no  value  for  the  practising  physician  and  should  in  any  ease  he 
nsed  only  with  the  greatest  caution.  Under  these  circumstances 
we  cannot  enter  more  deeply  into  this  subject,  but  the  reader  is 
n-Ierred  to  text-books  on  dietetics  and  the  theory  of  foods. 

As  our  knowledge  of  the  digestibility  of  the  different  foods  in 
the  stomach  is  slight  and  dubious  so  also  our  knowledge  of  the 
action  of  other  bodies,  such  as  alcoholic  drinks,  bitter  principles, 
spices,  etc.,  on  the  natural  digestion  is  very  uncertain  and  imper- 
fect. The  difficulties  which  stand  in  the  way  of  this  kind  of  in- 
vtwtigattoR  are  very  great,  and  therefore  the  results  obtained  thus 
far  are  often  ambiguous  or  conflict  with  each  other.  For  example, 
one  investigator  hai^seen  that  small  quantities  of  alcohol  or  alcoliolic 
drinks  do  not  prevent  hot  rather  facilitate  digestion  ;  others 
obterve  only  a  preventive  action  :  while  other  investigators  believe 
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to  have  found  that  the  alcohol  first  acta  somewhat  u  a  preventive, 
bat  afterwardB,  as  a  rule,  it  is  absorbed,  producing  an  abundant 
secretion  of  gastric  juice,  and  thereby  facilitating  digestion  (Cl, 
Behnahd,  Gluzinski,  Chittenden). 

The  digestion  of  sundry  foods  is  not  dependent  on  one  organ 
alone,  but  divided  among  several.  For  this  reason  it  is  to  be  ex- 
pected that  tbe  Viiriaiis  digestive  organs  can  net  for  one  another 
to  a  certain  point,  and  that  therefore  the  work  of  the  stomach 
could  be  taken  up  more  or  less  by  the  intestines.  This  in  fact  is 
the  case.  Thus  the  stomach  of  n  dog  has  been  almost  completely 
extirpated  (Czebny),  and  oven  thiit  part  necessary  in  the  digestive 
process  has  been  eliminated  by  plugging  the  pyloric  opening  (Lun- 
WIG  and  Ooata),  and  in  both  cases  it  wus  possible  to  keep  the 
animal  alive,  well  fed,  and  strong.  In  these  cases  it  is  evident  that 
the  digestive  work  of  the  stomach  was  taken  up  by  the  intestinca. 
That  the  stomach  nevertheless,  during  normal  conditions,  bears  an 
essential  part  of  the  process  of  digestion  may  be  inferred  from  the 
fact  that  the  products  of  the  proteolyse  can  generally  be  detected 
in  the  contents  of  the  human  stomach  even  shortly  after  a  meal.  By 
teats  on  dogs  that  had  been  given  meat-powder,  Caun  found  large 
quantities  of  peptone  in  the  stomach,  and  this  absorption,  as  shown 
by  ScHMiDT-MuLHEiM,  requires  about  the  same  steps  as  digestion. 
It  is  meauwiiile  quite  generally  assumed  that  no  peptonization 
of  the  proteids  worth  mentioning  occurs  in  the  stomach,  and  that 
the  albuminous  foods  are  only  prepared  in  the  stomach  for  the  real 
digestive  processes  in  the  intestines.  That  the  stomach  serves  in 
the  fi.rst  place  as  a  storeroom  follows  from  its  sliupe,  and  this  func- 
tion is  of  special  value  iu  certain  new-born  animals,  for  instance  in 
dogs  and  cats.  In  these  animals  the  secretion  of  the  stomach  con- 
tains only  hydrochloric  acid  but  no  pepsin,  and  the  casein  of  the 
milk  is  converted  by  the  acid  alone  into  solid  lumps  or  a  solid 
coagulum  which  fills  the  stomach.  Small  portions  of  this  coaguhim 
pass  into  the  intestines  only  little  by  little  and  an  overburdening  of 
the  intestines  is  thus  prevented.  In  other  animals,  such  as  the  snake 
and  certain  fishes,  which  swallow  their  food  entire,  it  is  certain  that 
tbe  major  {tart  of  the  process  of  digestion  takes  place  in  the  stomach. 
The  importance  of  the  stomach  in  digestion  cannot  at  once  be  de- 
cided. It  varies  for  different  animals,  and  it  may  vary  in  the  same 
animal,   dejiending  upoa  tbe  division   of  the  food,   the  rapidity 
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It  is  a  well-known  fact  that  the  contents  of  the  stomach  may 
be  kept  without  decompOBing  for  §ome  time  by  means  of  hydro- 
chloric acid,  while,  on  the  contrary,  when  the  acid  is  neutralized  a 
fermentation  commences  by  which  lactic  acid  and  other  organic 
acide  are  formed.  The  hydrochloric  acid  of  the  gastric  jaice  has 
oil  questionably  an  anti-fermentive  action,  and  also,  like  dilute 
mineral  acids,  an  antiseptic  action.  Thix  action  is  of  importance, 
as  many  disease  micro-organisms  may  be  destroyed  by  the  gastric 
iuice.  The  bftcillns  of  cholera  is  killed  by  the  normal  acid  gastric 
juice,  while  if  it  is  introduced  into  the  stomach  after  an  injection 
of  a  soda  solution  it  may  remain  active  (Kom,  Nicati  and 
Eibtsch).  Also  Tarieties  of  streptococcus  infecting  wounds  and 
the  staphylococcus  pyog.  aureus  are  killed  by  the  acid  gastric  juice 
(Alapy).  Still  the  gastricr  juice  does  not  act  on  all  micro-organisms, 
and  especially  in  the  state  of  spores  they  can  withstand  its  action. 
As  au  example,  the  tubercle-virus  is  not  destroyed  by  the  gastric 
juice  (Falk),  and  the  spores  of  the  anthrax  bacteria  do  not  seem 
to  be  always  dealroyed  by  the  hydrochloric  acid  of  the  gastric  juice. 

After  death,  if  the  stomach  still  contains  food,  digestion  goes 
on  of  itself  not  only  in  the  stomach  but  also  in  the  neighboring 
organs  during  the  slow  cooling  of  the  body.  This  leads  to  the 
question,  why  does  the  stomach  not  digest  itself  during  life? 
Erer  since  Pavy  has  shown  that  after  tying  the  smaller  blood- 
vessels of  the  stomach  of  dogs  the  corresponding  part  of  the 
mucous  membrane  was  digested,  efforts  have  been  made  to  find  the 
cause  in  the  neutral ization  of  the  acid  of  the  gastric  juice  by  the 
alkali  of  the  blood.  That  the  reason  for  the  non-digestion  during 
life  is  to  be  sought  for  in  the  normal  cii-culation  of  the  blood  cannot 
be  contradicted;  it  is  more  probably  found  in  the  fact  that  the 
living  mucous  coat  nourished  by  the  alkalitie  blood  shows  quite 
different  absorption,  diffusion,  and  filtration  properties  than  the 
dead  mucous  coat.  This  last  was  shown  long  ago  by  Ranke  and 
Halknkk. 

Under  pathological  conditions  irregularities  in  the  secretion  as 
well  as  in  the  absorption  and  in  the  mechanical  work  of  the 
•tomacfa    may  ooonr.      Pepsin   is  almost  always  present,  but  the 
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absence  of  the  rennet  enzyme,  as  abore  stated,  may  occur  in  many 
casea  (Boas,  Johnson,  Kleupeber).  Itt  regard  to  the  acid,  it 
should  be  mentioned  thiit  sometimes  this  secretion  may  be  in- 
creased BO  that  an  abnormally  acid  gastric  juice  ia  secreted,  and 
eometimes  may  be  decreased  so  that  little  or  hardly  any  hydro- 
chloric acid  is  secreted.  A  hypersecretion  of  acid  gastric  juioe 
sometimes  occurs.  In  the  secretion  of  too  little  hydrochloric  acid 
the  same  conditions  appear' as  after  the  nentralizution  of  the  acid 
contents  of  the  stomach  outside  of  the  organism.  FermontiLtion 
processes  now  appear  in  which,  besides  lactic  acid,  there  appear  also 
volatile  fatty  acids,  such  as  butyric  and  acetic  acids,  etc.,  and  gaaes 
like  hydrogen.  These  fermentation  products  are  therefore  often 
found  in  the  stomach  in  cases  of  chronic  catarrh  of  the  stomach, 
vhich  may  give  rise  to  belching,  heart-burn,  and  other  symptoms. 

Among  the  foreign  substances  found  in  the  contents  of  the 
stomach  wc  have  UREA,  or  ammonium  carbonate  derived  there- 
from in  ureemla;  blood,  which  generally  forme  a  dark-brown  mass 
through  the  presence  of  hssmutin,  due  to  the  action  of  the  gastric 
juice  ;  bile,  which,  especially  during  vomiting,  easily  finds  its  way 
throngh  the  ))yIoraB  into  the  stomach,  but  whose  presence  seems  to 
be  without  importance. 

If  it  is  desired  to  test  the  gastric  juice  or  the  contents  of  the 
stomach  for  pepsin,  fibrin  may  be  employed.  If  this  is  thoroughly 
washed  immediately  after  beating  tlie  blood,  well  pressed  and 
placed  in  glycerin,  it  may  be  kept  m  serviceable  condition  an  inde- 
finitely long  time.  The  gastric  jnice  or  the  matter  contained  in  the 
stomach — the  latter,  if  necessary,  having  been  previously  diluted 
with  1  p.  m.  hydrochloric  acid,  is  filtered  and  tested  with  fibrin  at 
ordinary  temperature.  (It  must  not  be  forgotten  that  a  control  test 
must  be  made  with  acid  alone  and  another  porton  of  the  same 
fibrin.)  If  the  fibrin  is  not  noticeably  digested  within  one  or  two 
hours, no  pepsin  is  present,  or  at  most  there  are  only  slight  traces. 

In  testing  for  rennet  enzyme  the  liquid  must  be  first  carefully 
neutralized.  To  10  cc.  unboiled  amplioteric  (not  acid)  reacting 
cow's  milk  add  1-3  co.of  the  filtered  neutralized  llqniit;  but  care 
must  be  taken  not  to  add  too  much  of  the  liquid  from  the  stomach, 
for  the  coagulation  may  bo  retjirded  or  prevented  by  diluting  the 
milk.  In  the  presence  of  rennet  the  milk  should  coagulate  to  a 
solid  mass  at  the  temperature  of  the  body  in  the  conrae  of  10-20 
minutes  without  changing  its  reaction.  If  the  milk  is  diluted  too 
much  by  tbe  addition  of  the  liquid  of  the  stomach,  only  coarse 
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Sokes  are  ihouned  and  no  aoiid  cownlinii.  AAlrtiiin  (tf  Qmr  auts 
is  uo  he  Avoided,  as  tJi^  in  gnac  <*hibi  masf  praiiiice  ft  partiiii 
onaCTladon  even,  in  cfae  abaoice  af  nszmeiL 

Li  ouuiy  caaea  is  ia  e^eeudlj  imparcaiLC  co  defiDrmim^  die 
dsfprw  nf  acidity  nf  t^  mMtrit:  juiea.  This  nukj  be  done  by  che 
oiriiiuirv  dcradoa  metiuMU.  Phenol  phnhalem.  mnsc  not  be  oaed  aa 
an  indicator,  fior  ▼«  xei;  600  high  resaiti  in  the  preaeaice  of  lar^ 
qnancioes  of  aibamtn.  Gtsioii  resaiia  may  be  obtauned^on  die  con- 
cnirj,  oy  aang  ^erj  *ift\\c%t»  licmns-papei:.  Aj  die  aciii  reaction  of 
die  concenca  of  die  A»mach  m&v  be  <9uiBed  Mninltaneonabr  br 
aaveral  acida,^!!  die  degnse  01!  acidity  is  hexe^as  in  oth^^  caaaa 
ezpreaaed  in  only  one  acid,  e,  g^  HCL     G&ieaadlj  die  addity  is 

tfzpreaaed  by  die  nmnher  of  (se*  of  r-r  oansdc  joda  which  is  leqaiied 

to  oentRdiae  the  mnv^rai  acida  in  100  (sc  of  the  Gqmd  of  the  atonucii. 
An  addict  of  434  meaoa  chac  100  no,  of  die  liimid  of  the  jcnmm»{t 

miiiimd  43  <«.  of  ;rT  f^sautac.  aada  to  nentzaiiae  it. 

Et  ia  aiao  .vmnraxiz  i»  he  ahie  taa  aacertain  the  natoie  of  the  acid 
or  acids  'vusnrrfiur  in  me  ftnnsgnm  of  die  gtomach.  For  this  par- 
poae,  ami  ^npecuuty  fiir  The  ^istsKl'MK  of/rw  kydmchloru:  aeidy  a  gieac 
nnmber  of  color  mcnona  .lave  been  proposed,  wiiich  are  ail  based 
apon  the  2BKt  thas  tne  coloring  anhAance  gives  a  characteristic 
color  widi  ^«vrj  mail  ^nandcit4  of  hydrochioric  acid,  while  lacdc 
acid  and  the  other  orzanic  aciiis  do  not  ^ve  diese  GoIoratioa&  or 
only  in  a  cfltain  concencxacion,  which  can  hardly  exist  in  die  t^n- 
tenta  of  the  .stomach.  These  reagents  are  a  znixtore  of  fhrrjo: 
ACBT-kTB  and  POT-ii«mf  -itTLPHOifYA^TDH  solntion  (Mo Has  re- 
agRnt   is   modifled    by   several    investigators ),  3fETHTiu    AjriLnc- 

VIOLET,    TROP.ROLDT   '♦)0.      '.0!r<TO     RED,    WA \.A CHITE-^TftEE^"^   PHLi> 

RO<TLCCL2r-VA5TLLry.  BEarzoprRPuaix  *^  B,  and  others.  A;j 
T^ig^nXA  for  />*?«  //wjjf*/;  'R-tV/  UPFEUCjjnr  -ruggeata  a  itr*jnglv 
diluted*  ametiiyqt-hlue  solution  of  perhic  'THXOoidb  and  c \ rbolic 
ACID  or  a  stroniriv  diluted,  nearly  colorless  eolation  of  febjh*: 
CHLOftiDB.  Th»^  zive  a  yellow  widi  lactic  acid,  but  not  with 
hydroohlorc  :v::d  nv  with  volatile  lacty  aiiidd. 

The  v.il;ie  'if  ^iif^se  reaeentd  in  testing  for  free  hydrochioric  acid 
or  la«?tic  -^e/A  '.a  itiW  dispateii.  Amon^r  the  reagents  for  free  hydro- 
ch!i)rc  :u:hi,  if-iira'-i  t^^st  (even  thouarh  not  very  delicate),  Gc^rz- 
ar:iir'-»  •:eiHr.  vnh  oiiioroffluom-ranillin,  and  the  test  with  tri>- 
pjR<ni:i  ';0.  oerformeii  in  mi^deritt^  heat  a^  ^u^;reated  by  Boa^,  seem 
f..i  -iH  -.iif*  morft  ralnahie.  If  zattae  tt^ti  ziv»i  positive  results,  then  tiie 
or'->:er.«:fr  of  !:7<irriohi<iric  ai:id  mav  be  conaidere<i  as  proved-  A 
ne^Tir.r^  r**:-!! It  does  not  eLminjice  the  presence  of  hydrochioric  acid, 
aa  tiie  deiicacv  of  these  reactiuOii  iiaa  a  limit,  and  alM  the  dimuU 
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tant'oiia  preeenceof  albumin,  peptones  and  other  bodies  influence  the 
reactions  more  or  lees.  The  reactiona  for  Inctic  acid  may  also  give 
negiitive  resElts  in  the  presence  of  comparatively  large  quantities  of 
hydrociiloric  acid  in  the  lij^uid  to  be  tested.  Sugar  and  other  bodies 
(Fb.  MIilleb)  may  act  with  these  reagents  Hiniilarly  to  lactic  acid. 

As  the  above-mentioned  reactions  for  hydrochloric  acid  and 
organic  acids  are  not  claimed  to  be  safficient  in  exact  investigations, 
while  they  may  serve  in  many  cases  for  clinical  purposes,  it  will 
suffice  to  refer  the  reader  to  other  test-books  and  esiHscially  to 
"  KliiUxche  Diagnoatik  innerer  Krankheiten,"  by  R,  v.  Jaksch, 
2d  edition,  1889,  for  the  performance  and  the  relative  value  of 
these  testa. 

The  method  suggested  by  Cahs  and  v.  Mehbing  for  the 
detection  and  simultaneous  ^uaniiialii'e  estimiition  of  hydrochloric 
acid  in  the  presence  of  lactic  acid  and  volatile  fatty  acids  in  the 
contents  of  the  stomach  will  be  here  given.  The  chief  points 
are  the  following:  First  the  volatile  acids  are  distilled  and  their 
quantity  determined  in  the  distillate  by  titration.  The  lactic  acid 
is  removed  from  the  liquid  remaining  in  the  i-etort  by  repeated 
shaking  with  large  quantities  of  etlier,  and  after  the  evaporation 
of  the  ether  the  quantity  of  lactic  acid  in  tbu  residue  is  deter- 
mined by  titration.  The  liquid  which  faaa  been  shaken  out  with 
the  ether  is  either  directly  titrated  for  hydrochloric  acid,  or,  as 
suggested  by  HABtTTEAF,  combines  the  hydrochloric  acid  with  oin- 
clionin  by  digestion  therewith  at  a  gentle  heat  until  the  reaction 
ia  neutral.  The  cinchoniu  combination  ia  then  agitated  with 
chloroform  and  the  chloroform  eviiporated,  and  from  the  amount 
at  chlorine  in  thia  residue  we  may  calculate  the  quantity  of  pre- 
viously-free hydrochloric  acid.  This  somewhat  expensive  and 
lengtliy  method  is  still  not  free  from  errors,  and  it  is  made  uaeless 
by  that  following. 

The  method  of  K.  Mobker  and  Sjoqttst  depends  on  the  fol- 
lowing principle:  When  the  gastric  juice  ia  evaporated  to  dryness 
with  barium  carbonate  and  then  calcined  the  organic  acids  burn  up 
and  give  insoluble  barium  carbonate,  while  the  hydrochloric  acid 
forms  soluble  barium  chloride.  From  the  quantity  of  this  the 
original  amount  of  hydrochloric  acid  can  be  calculated.  10  cc. 
of  the  filtered  contents  of  the  stomach  is  mixed  in  a  small  platinum 
or  silver  dish,  by  means  of  &  clean,  sharp  knife-point,  with  the 
barium  carbonate  free  from  chlorides,  and  evaporated  to  dryness. 
The  residue  is  burnt  and  allowed  to  glow  for  a  few  miTiutes.  The 
cooled  carbon  is  gently  rubbed  with  water  and  completely  extracted 
with  boiling  water,  and  the  filtrate  (about  50  cc.)  treated  with  au 
equal  volume  of  alcohol  and  3—4  cc.  sodium  acetate  solution  {10# 
acetic  acid  and  l*^%  acetate).  The  amount  of  barium  in  the  filtrate 
is  determined  by  titration  with  a  solution  of  potassium  bichromate, 
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in  which  the  alcohol  facilitates  the  preci|)itatioii  of  the  barinni  I 
chromate,  wliile  the  acetate  prevents  in  purt  the  precipitation  of  ' 
the  calcium  carbonate  and  in  part  the  getting  free  of  hydrochloric 
acid.     The  potasBium-bichromate  solntion   should   contain  abont 
6.5  grms.  potaseiam  dichroniate  to  the  litre.     Its  titre  must  exactly 

coirespoDd  with  an  — -  barium-chloride  solution,  and  the  procedure 

is  the  same  as  in  the  titration  of  the  BaCl,  solution  obtained  from 
the  coTiteutB  of  the  stomach.  A  paper  moistened  with  tetrumethyl- 
paraphenylendiamin  is  used  as  indicator;  this  is  colored  blue  by  a 
nichromato  in  acetic-acid  solution.  In  titrating  we  add  chromate 
solntion  as  long  ae  the  barium  chroroate  precipitated  does  not  ap- 
parently increase,  then  test  with  the  indicator  i«tper  after  each  addi- 
tion until  it  gives  a  decided  blue  coloration  witnln  one  minute,  and 
stop  adding  chromate  solution.    As  the  titre  of  the  chromate  solution 


has  been  determined  by  e 


BaCI,  solution,  it  is  eitsy  to  calculate 


the  quantity  of  HCI  in  10  cc.  of  the  gastric  juice  corresponding  to 
the  number  of  cc.  of  tho  chi-omate  solution  used.  If  the  total 
acidity  is  determined  in  a  second  portion  of  the  gastric  juice,  then 
tho  quantity  of  lactic  acid  or  other  organic  acids  represented  as 
HCI  may  be  calculated.  This  method,  which  is  the  most  exact 
known  at  present,  gives  not  only  the  amount  of  free  hydrochloric 
acid,  but  also  the  nydrochloric  acid  combined  with  the  albumin 
and  peptone. 

In  testing  for  volatile  fattv  acids  the  contents  of  the  stomach 
should  not  be  directly  distilled,  as  volatile  fatty  acids  may  be 
formed  by  the  decomposition  of  other  bodies,  such  as  albnmin  and 
tuemoglohiri.  The  neutralized  contents  of  the  stomach  are  there- 
fore precipitated  with  alcohol  at  ordinaiy  temperature,  filtered 
quickly,  pressed,  and  repeatedly  extracted  by  alcohol.  The 
alcoholic  extracts  are  made  faintly  alkaline  by  so(La,  and  the  alcohol 
distilled.  The  residue  is  now  acidified  by  sulphuric  or  phosphoric 
acid  and  distilled.  The  distillate  is  neutralized  by  soda  and  evapo- 
rated to  dryness  on  the  water-bath.  The  residue  is  extracted  with 
absolute  alcohol,  filtered,  the  alcohol  distilled  off,  and  this  residue 
dissolved  in  a  little  water.  This  solution  may  be  directly  tested 
for  acetic  acid  with  sulphuric  acid  and  alcohol  or  with  ferric  chlo- 
ride. Formic  acid  may  be  tested  for  by  silver  nitrate,  which 
Slickly  gives  a  black  precipitate;  and  butyric  acid  is  detected  by 
e  odor  after  the  addition  of  an  acid.  In  regard  to  the  metliods 
for  more  fully  investic'ating  the  different  volatile  fatty  acids,  the 
reader  is  relent  to  ouier  text-booka. 


in.    The  Glands  of  the  Mucous  Membrane  of  the  Intes- 
tines and  their  Secretions. 

The  Seoretioa  of  Brunner's  Olands.  Tlicee  glands  are  partly 
coneidered  as  small  paucreas  glands  and  partly  as  mucous  or 
Bulivftry  glands,  bnt  according  to  Giii'TzNER  tliey  are  related  to  the 
pyloric  iglanile.  Tiiey  are  assumed  to  contain  pepsin  (Gectzner 
and  diastatic  empties  (Costa,  Bddge  and  Keolow).  The  diffi- 
onlly  of  collecting  the  secretions  of  these  glands  free  from  contami- 
nation, however,  makes  these  assumptions  eomowliut  unreliable. 

The  Secretion  of  Lieberkohn's  QIandi.  Tlit;  secretion  of  these 
glands  hiis  been  stu'lioil  by  tiie  aid  of  a  fistula  in  rhe  intestines 
according  to  the  mi.>thod  of  Tuirt  and  Vella.  Very  little  if  any 
secretion  takes  peace  in  faatiug  animals  (dog)  when  the  mucons 
membrane  is  not  irritated.  The  secretion  begins  in  the  first  hoar 
after  partaking  of  food,  but  the  maximum  varies  with  the  quantity 
and  character  of  the  food  (Kbidenhain).  Mechanical,  chemical, 
or  electrical  irritation  excites  a  secretion  or  increases  that  already 
began  (Thiry).  Laxatives  do  not  increase  the  secretion,  while 
pilocarpin  produces  a  very  abundant  one  (Masloff  and  Vella). 
The  quantity  of  this  secretion  in  the  course  of  2i  hours  has  not 
been  exactly  determined. 

In  the  upper  part  of  the  small  intestines  of  the  dog  this  secre- 
tion is  scanty,  slimy,  and  gelatinous;  in  the  lower  part  it  is  more 
fiuid,  with  gelatiuons  lumps  or  flakes  (Rohmann).  Intestinal 
juice  has  a  strong  alkaline  reaction,  gen L-mtes  carbon  dioxide  on 
the  addition  of  an  acid,  and  contains  (in  dogs)  nearly  a  constant 
quantity  of  NaCl  and  Na,COi,  4,8-5  and  4.5  p,  m.  respectively 
(OCMiLEWsKi.  Rohmann).  It  contains  ulbumina  (Thibt  found 
8.01  p.  m.),  the  quantity  decreasing  with  the  duration  of  the  elimi- 
nation. The  quantity  of  solids  varies.  In  dogs  the  qnuntity  of 
solids  is  12.2-24.1  p.  m.,  and  in  sheep  46-47  p.  m.  The  specific 
gravity  of  the  intestinal  juice  of  the  dog,  according  to  the  observa- 
tions of  Thiht,  is  1.010-1,0107. 

The  action  of  intestinal  juice  has  not  been  exhaustively  studied 
and  the  opinions  concerning  it  are  somewhat  at  variance.  According 
to  most  investigators,  a/«rt7i  is  converted  into  sugar,  a  statement 
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h:i:4  if: 


eomtdy,  ihne  xjmogaii,  wliidi  will  be  described  kier.  We 
mLm  find  in  thii  gbnd  mmdeim,  leueim  (bntohnin),  fyrmim  (net  in 
tiie  perfecdj  freih  g^md),  xanikim^  IS  pt  m.,  Mfptxauikim,  3-4 
p.  m.,  fuamim^  t-l^  p.  bl  (all  figoxes  sre  rmlmhitfd  for  the  dried 
m!fffnf^,  K06BKL),  ad»M»  ijim/,  jfectfir  ecui^  mlmiOefmliif  mcids, 
fmU^  and  wtimerml  Mmjgtmmceg,  According  to  the  inTwrigariomt  of 
OiviKAS,  the  liBMin  pucreas  oootains  750-760  pt  m.  water,  240- 
2SO  p.  BL  orpaae  and  3.7-9.5  pi  m.  inorguiic  snbetanoeib 

Ptacnatie  twet,  Ttua  secretion  may  be  obtained  br  ad joating 
a  firtala  in  the  excretorj  dnct,  aeeording  to  the  mrthnda  snggested 
bj  BixsxBDt,  Lmwie,  and  Heideshais.  If  the  operation  ia 
pcrfmuied  with  ilBrifnt rapidity  and  dezteritT  on  an  animal  which 
haa  been  wdl  fed  a  few  honra  befdiey  there  is  obtained  from  the 
iihili,  aa  a  niley  immediately  after  the  operttion  {temporary 
t$iula)  a  aeeretion  rich  in  aoiids,  Tiaod,  ^ery  actire,  and  whidi  may 
be  considered  as  normal  pancreatic  joicei  Ordinarily,  howerer,  the 
gland  bfwwneK  dincMtwA  in  a  few  hoora  or  days  after  the  opeiation, 
and  the  secretion  wiiidi  then  flows  oat  of  the  fistnla  {permoMemt 
Juimld)  ii  mofe  liqnid,  deficient  in  solids,  and  in  certain  other 
rejects  differefnt  from  the  secretion  obtained  immediately  after  the 
c^MTstion.  Scill  a  permanent  fistula  may  also  sometimes  yield  a 
normal  secretion  for  a  long  time  (HziDKXHAEr),  while  the  tern- 
pofary  fistola  in  careless  cqwrations  may  gire  no  secretion  or  only 
an  abiwrmal  joioa 

In  berbfTora,  each  as  rabbits,  whose  digestion  is  onintermpted. 
the  aecretioo  of  the  pancreatic  joioe  is  continnoos.  In  camiTora  it 
£«^ems.  on  the  oootnry,  to  be  hitermittoit  and  dependent  on  the 
dlg<ectioQ.  Daring  stamtion  the  secretion  almost  stops^  bat  com- 
mencies  again  after  partaking  of  food.  Food  seons  to  act  in  a  two- 
fold manner.  FiT^t,  it  may,  with  the  more  abandant  flow  of  blood 
CTiiir.?  the  di^»€tion,  which  is  seen  br  the  red  color  of  the  ei^nd, 
fx/z*T^  a  Urgier  qoacnty  of  nntritire  material  to  the  gland,  and 
izjfrTf^Kj  cuLse  the  secretion  of  a  jaice  rich  In  solid  natritire  bodies* 
Ii.  uyyifner  war  the  f^»l  may  al^o,  by  the  irritation  which  it  pro- 
c-nc^  on  the  macTi-:!  crAt  of  the  stomach  and  the  daodennm,  caose 
a.',  ii^rrea^^  i^cretlor..  That  the  food  indeed  acts  in  these  two 
wiji  fol>/vi  from  i:Jt  iM:i  tL^a  other  sabstances,  snch  as  ether, 
n^j  alio  cazije  a  lecre^bon  of  pancreatic  jaice,  bat  by  this  nteana 
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in  starrntion  a  thin  fluid  \»  secreted,  and  after  partaking  of 
food  a  thick  fluid  is  produced.  According  to  the  observations 
of  Bbrsstein,  Heiuenhain,  and  others,  the  secretion  increases 
rapidly  after  eating,  anil  it  reaches  its  maximum  in  the  course  of 
the  first  three  hours.  From  this  time  the  secretion  diminishea,  but 
may  again  increase  from  the  5th-ith  hour,  when  generally  large 
quantities  of  food  pass  from  the  stomach  to  the  intestine.  Tlien 
it  again  decreases  continuously  from  the  9th-llth  hour,  and  stops 
entirely  at  the  15th-l(>th  hour. 

The  statements  as  to  the  amonnt  of  pancreatic  juice  secreted 
in  the  course  of  34  hours  are  variable  and  not  trustworthy. 
It  seems  positively  proved  that  the  permanent  fistula  yields  a  con- 
siderably larger  (jnantity  of  secretion  than  the  temporary.  While 
EEPER3TEIM  and  HAi.L»jcH8,and  Schmidt  and  Kroobii,  find  that 
the  quantity  of  juice  secreted  from  the  flrat  is  45-100  grms.  per 
kilo  during  24  hours,  BinUEK  and  ScuuiDT  and  Bidder  and 
Skrebitzky  claim  that  the  quantity  from  the  temporary  fistula  is 
2.5-5  gnus,  per  kilo  in  the  same  time. 

In  regard  to  the  rouslUitenfs  and  composition  of  the  pancreatic 
juice,  a  distinction  must  be  made  between  the  secretion  of  a  tem- 
porary and  of  a  permanent  fistula.  The  secretion  flowing  from  the 
former  is  in  doga  a  clear,  colorless,  ncarly-sirupy,  odorless  fluid  of 
an  alkaline  reaction  which  is  very  rich  in  albumin  and  sometimes 
containing  so  large  a  quantity  that  it  coagulates  like  white  of  egg 
when  heated.  Besides  itlbumin  the  juico  contains  also  three  en- 
zymes— one  diastatic,  one  fal-spliiling,  and  one  which  dissolve* 
pivleids.  The  last -mentioned  has  been  called  trypsin  by  KiiHNE. 
Besides  the  above-mentioned  bodies  the  pancreatic  juice  habitually 
contains  small  quantities  of  leucin,  fat,  and  soaps.  As  mineral 
constituents  it  contains  chiefly  alkali  chlorides,  also  alkali  carbo- 
nates, and  some  pboaphoric  acid,  lime,  magnesia,  and  iron. 

The  secretion  from  the  permunent  fistula  always  contains  less 
solids,  especially  albumin  and  enzymes,  than  that  from  a  tempo- 
rary fistula.  A  long  time  after  the  operation  it  is  move  fluid,  more 
strongly  alkaline,  aud  the  property  which  the  juice  from  the  tem- 
porary fistula  has  of  dissolving  albumin  ia  often  absent,  or  the 
secretion  shows  it  in  only  a  slight  degree.  As  an  example  of  the 
different  composition  of  the  juice  from  a  temporary  and  from  a 
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permanent  fistala,  we  give  bolow  the  aualysee  of  C.  Schmidt,    Tlia 
figures  represent  parts  per  1000. 

Juice  from  a  Teniporarj  Juice  from  a  PemiKienl 

Water 000.8  884.4  976.8  079.9  98^.6 

Solids 09.3  115,fl  33.3  20.1  l.'j.4 

Ornnic  BubBtftQce 90.4           ](1.4  13.4  B3 

A^ 8.8           e.8  7.5  6, 1 

The  mineral  constltuentB  of  tbe  Hecretion  from  Ihe  temporary  fistulft  con- 
ilated  chiefly  of  NaCl,  7.4  p.  m. 

Id  the  pancreatic  juice  of  rabbits  11-26  p.  m.  solids  have  been  found,  and 
ia  thai  from  sbeep  14.3-86.0  p.  m.  Id  the  pancreatic  juice  of  the  horse  tkl7.5 
p,  m.  solids  have  been  found  ;  Id  that  of  the  pigeon.  12-14  p.  m. 

The  human  paacreatic  juice  has  been  ana^zed  by  Hertkh  In  a  case  of 
eloppBge  of  Ihe  eiil  of  the  juice  by  the  pressure  of  a  cancer.  This  Juice, 
which  could  hardly  be  considered  as  normal,  was  clear,  alkallue,  without  odor, 
and  contained  tlie  three  enzymes,  ll  contained  peptone,  but  no  other  pro- 
Idd.  Tbe  quuntily  of  solids  was  34.1  p.  m.  Of  these  6.4  p.  m.  were  soluble 
Id  alcohol.  It  contained  II. S  p.  m.  peptones  (and  enzymes)  and  6.2  p,  m. 
mioeral  substances. 

Among  tho  constituentB  o£  the  pancreatic  j'uice,  the  three 
enzymes  are  the  moat  important. 

The  pancreatic  diastase,  which  according  to  Korowin  and 
ZweiFBL  ia  not  found  in  new-born  infants  and  doea  not  ap]>ear 
until  more  than  one  mouth  after  birth,  seems,  nitliough  not  identi- 
cal with  ptjalin,  to  be  nearly  related  to  it.  Tlio  pjincreatic  diastase 
acta  very  energetically  upon  boiled  starch,  especially  at  -|-  37°  to 
40°  C,  and  besides  dextrin  yields  maltose  with  only  a  small  quantity 
of  glucose  (MU8CULU9  and  v.  MeaiKo). 

If  the  natural  pancreatic  juice  is  not  to  be  obtained,  then  the 
gland,  best  after  it  has  been  exposed  a  certain  time  (34  hours)  in 
the  air,  may  be  treated  with  water  or  glycerin.  This  infusion  op 
the  glycerin  extract  diluted  with  water  (when  a  glycerin  has  been 
used  which  has  no  reducing  action)  may  be  tested  directly  with 
starch-paste.  It  ia  safer,  however,  to  first  precipitate  the  enzyme 
from  the  glycerin  extract  by  alcohol,  and  wash  with  this  liquid,  dry 
the  precipitate  over  sulphuric  acid,  and  extract  with  water.  The 
enzyme  is  dissolved  by  the  water.  The  detection  of  sugar  may  be 
made  In  the  same  manner  as  in  the  saliva. 

The  fitt-iplitting  entyme.  The  action  of  the  pancreatic  jnice  on 
bts  is  twofold.  First,  tho  neutral  fats  are  split  into  fatty  acids 
sod  glycerin,  which  is  an  enzymotic  procese;  and  secondly,  it  haa 
also  the  property  of  emulsifying  the  fats. 
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The  action  of  the  pancreatic  juice  in  Bjilitting  the  fats  may  be 
shown  in  the  following  way.  Shake  olive-oil  with  caustic  eodii  and 
ether,  siphon  off  the  ether  and  filter  if  necessary,  then  shake  the 
ether  repeatedly  with  water  and  eraporate  at  a  gentle  heat.  In  this 
way  we  obtain  a  residue  of  fat  free  from  fatty  acids  which  is  com- 
pletely neutral,  and  which  disBolves  in  acid-free  alcohol  and  is  not 
colored  red  by  ulkunet  tincture.  If  such  fat  is  mixed  with  quite  fresh 
alkaline  pancreatic  juice  or  with  a  freshly- prepared  infusion  of  the 
fresh  gland  and  treated  with  a  little  alkali  or  with  a  fuintly  alkaline 
glvcerm  extract  of  the  fresh  gland  (9  parts  glycerin  and  1  part  soda 
solution  of  1^  for  each  gramme  of  the  gland)  and  some  litmus 
tincture  added  and  the  mixture  warmed  to  -|-  37"  C,  the  alkaline 
reaction  will  gradually  disappear  and  an  acid  one  takes  its  place. 
This  acid  reaction  depends  upon  the  conversion  of  tlie  neutral  fats 
by  the  enzyme  into  glycerin  and  free  fatty  acids. 

The  splitting  of  tlie  neutral  fats  may  also  be  shown  more  exactly 
by  the  following  method.  The  mixture  of  neutral  fats  (absoluteljr 
free  from  tatty  acids)  and  pancreatic  jnice  or  pancreas  iufusion  is 
digested  at  the  temperature  of  the  body  and  treated  with  some 
Boaa  and  repeatedly  shaken  with  fresh  quantities  of  ether  until  all 
the  unsplit  neutral  fats  are  rentoved.  Then  it  is  made  acid  with 
flulphunc  acid,  after  which  shake  the  acid  liquid  wiih  ether,  evapo- 
rate the  ether,  and  tent  tiie  i-esidue  for  fatty  acids. 

Another  simple  process  for  the  demonstration  of  the  tat-splitting 
action  of  the  pancreas  glands  is  the  following  (Ci,.  Bernard).  X 
small  portion  of  the  perfectly -fresh,  finely-divided  eland  substance 
is  first  soaked  in  alcohol  (of  90^).  Then  the  ateohol  is  removed  as 
far  as  possible  by  pressing  between  blotting-paper,  after  which  the 

fieces  of  glnnd  are  covered  with  an  ethereal  solution  of  neutral 
utter-fat  (which  may  be  obtained  by  shaking  milk  with  caustic 
Boda  and  ether).  After  the  evaporation  of  the  ether  the  pieces  of 
gland  covered  with  biitter-fat  are  pressed  between  two  watch -glnsaea 
and  then  gently  heitted  to  37°  to  40°  C.  in  this  position.  After  a 
certain  time  a  marked  odor  of  butyric  acid  appears. 

The  action  of  the  pancreatic  juice  in  splitting  fats  is  a  process 
analogous  to  that  of  saponification,  the  neutral  fats  being  decern* 
posed,  by  the  addition  of  the  elements  of  water,  into  fatty  acids  and 
glycerin  according  to  the  following  formula:  CjHcOj.Rj  (neutral 
fat)  -f  3U,0  =  C,H,.03.Il3  (glycerin)  -|-  3(H.0.R)  (fatty  acid). 
This  depends  upon  a  hydrolytic  splitting,  which  was  firet  positively 
proved  by  Bernard  and  Bkrthelot.  The  pancreas  euzvme  also 
decomposes  other  esters  just  as  it  does  the  neutral  fats  (Nbncki). 
The  pancreas-enzyme  which  decomposes  fats  baa  been  less  studied 
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tlian  the  other  pancreas-enzymes,  aod  it  has  indeed  been  questioned  ] 
whether  or  not  the  decomposition  of  the  neutral  fats  in  the  intestine 
may  not  be  effected  through  lower  organisms.  According  to  the 
investigations  of  Nencki,  it  seems  that  the  pancreas  actually  con- 
tains an  enzyme  which  decomposes  fats.  This  enzyme,  which  is 
still  little  known,  appears  to  be  very  senaitire  to  acids,  and  it  is 
often  absent  in  actd  glands  not  perfectly  fresh.  If  a  watery  in- 
fusion of  the  gland  prepared  cold  be  treated  with  calcined  magnesia, 
then  the  enzyme  in  question  will,  according  to  Danilewsei,  be 
retained  by  the  magnesia  precipitate. 

The  fatty  acids  which  are  split  off  by  the  action  of  the  pan- 
creatic juice  combine  in  the  intestine  with  the  alkalies,  forming 
■oape  which  have  a  strong  emulsifying  action  on  the  fats,  and 
thus  the  pancreatic  juice  becomes  of  great  importance  in  the  emul- 
ailication  and  the  absorption  of  the  fata. 

Ttyp«n,  The  action  of  the  pancreatic  juice  in  digesting  pro- 
toids  was  firet  observed  by  Bernard,  but  first  proved  by  Corvi9art. 
It  depends  upon  a  s])ecial  enzyme  called  by  KL'hne  trypsin. 
Strictly  speaking,  this  enzyme  does  not  occur  in  the  gland  itselL 
In  the  gland,  more  probably,  a  zymogen  occurs  from  which  the 
enzyme  ia  split  off  or  formed  by  the  secretion,  also  by  the  action  of 
water,  acids,  alcohol,  and  other  substances.  Accordiug  to  Alber- 
TONi,  this  zymogen  is  found  in  the  gland  in  the  hist  third  of  the 
intra-uleriiie  life. 

The  purest  trypsin  thus  fur  prepared,  isolated  by  KtSnsE,  is 
soluble  in  water  but  insoluble  in  alcohol  or  glycerin.  The  less  pnre 
eiixyme,  on  the  contrary,  is  soluble  in  glycerin.  If  the  solution  of 
the  enzyme  in  water  is  heated  to  the  boiling  point  with  the  addi- 
tion of  a  little  acid,  it  decomposes  into  coagulated  albumin  and 
peptone  (Kchne),  It  is  destroyed  by  gastric  juice.  Like  other 
enzymeB,  tr)'])Bin  is  characterized  by  its  physiological  actiou.  This 
action  consists  in  its  power  of  dissolving  albumin,  and  especially 
eaaily  fibrin,  in  alkaline,  neutral,  and  even  in  faintly  acid-reacting 
solutions. 

Tlie  production  of  pure  trypsin  has  been  tried  by  various  ex- 
perimenters.   Danilewski,  Hi'FNER,  KtTRNE.  LoEW,  and  others. 
I  The  purest  seems  to  have  been  prepared  according  tothe  rather  com- 
\  jdicBted  method  of  Kuhke.     In  studying  the  action  of  trypsin  a 
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leBfl  pure  preparation  may  often  answer,  and  Tarious  methods  of 
preparing  such  have  been  proposed,  but  we  cauiiot  deBcribe  all  of 
them,  tor  the  production  of  a  glycerin  extract  the  ^land  should 
be  rubbed  witli  glass  powder  or  pure  quartz-sand,  this  mass  care- 
fully mixed  with  acetic  acid  of  1^  (1  cc.  to  each  grm.  of  gland), 
then  for  each  part  of  the  gland-mass  add  10  parts  of  glycerin,  and 
filter  after  about  three  days.  By  precipitating  the  glycerin  extract 
with  alcohol  and  redissolving  the  precipitate  in  water,  we  obtain  a 
solution  which  has  a  powerful  digestire  action  (UeiiienUjUn).  A 
watery  infusion  of  the  gland  may  be  made  only  after  it  has  been 
exposed  to  tlie  air  for  24  hours,  and  5-10  parts  of  water  for  each 
part  by  weight  of  the  gland  should  be  used.  The  simpiest 
method  is  to  cut  tbe  gland  tine  and  place  it  in  a  fiask  and  allow  it 
to  digest  with  water  to  which  5-10  cc.  of  chloroform  (Salkowski) 
or  ether  has  been  added  for  each  litre.  After  a  few  days  we 
obtain  in  this  way  a  powerful  infusion  which  keeps. 

The  action  of  trt/psin  on  proUids  is  best  demonstrated  by  the 
use  of  fibrin.  Very  considerable  quantities  of  this  albuminous  body 
are  dissolvedby  a  small  amount  of  trj'psin  at  ^7°-40°C.  It  is  always 
necessary  to  make  a  control  test  with  fibrin  alone,  with  or  without 
the  addition  of  alkuli.  Fibrin  is  dissolved  by  trypsin  without  any 
putrefaction;  the  liquid  has  a  pleasant  odor  somewhat  like  bouillon. 
To  completely  exclude  putrefaction  a  little  thymol,  chloroform, 
or  etiier  should  be  added  to  the  liquid.  Trypsin  digestion  differs 
essentially  from  pepsin  digestion  in  that  the  first  takes  place  in 
neutral  or  alkaline  reaction  and  not,  as  is  necessary  for  pepsin  di- 
gestion, in  an  acidity  of  1-2  p.  m.  HCl,  and  further  by  the  fact  that 
the  proteids  dissolve  in  the  trypsin  digestion  without  previous  ex- 
pansion. 

Many  circumstances  exert  a  marked  influence  on  the  rapidily 
of  the  trypmt  digestion.  With  an  increase  in  the  quantity  of 
enzyme  present  the  digestion  is  hiistened  at  least  to  a  certain  point, 
and  the  same  is  also  true  of  an  increase  in  temperature  at  least  to 
about  -I-  40°  C,  at  which  temperature  the  albumin  is  very  rapidly 
dissolved  by  the  trypsin.  The  reaction  is  also  of  the  greatest  im- 
portance. Trypsin  acta  energetically  in  neutral,  or  still  better  in 
alkaline,  solutions,  and  best  in  an  alkalinity  of  3-4  p.  m.  Na,CO,. 
Free  mineral  acids,  even  in  very  small  quantities,  completely  prevent 
the  digestion.  If  the  acid  is  not  actually  free,  hut  combined  with 
albuminous  bodies,  then  the  digestion  may  take  place  quickly  when 
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tlie  acid  combtnntion  is  not  in  too  great  excess  (Chittexden  and 
CcuHiKs).  Organic  acids  act  Ibbb  disturbingly,  aud  in  the  presence 
of  0.2  p.  m.  lactic  acid  and  the  aimultaiieoua  presence  of  protdd,  bile, 
and  common  salt  the  digeation  may  indeed  proceed  more  quickly 
than  in  a  faintly-alkaliue  liquid  (Lindberqer).  Foreign  bodic, 
such  as  borax  and  potassium  cyanide,  may  promote  digeBtion,  while 
bodies  such  as  mercuric,  fenic  and  other  salts  (Chittesdek  and 
CrMMiNS),  or  salicylic  acid  in  large  quantities  (Kuhne),  may  act 
preventively.  The  naiure  of  the  profeii/s  is  also  of  im])ortance. 
Unboiled  fibrin  is,  relatively  to  most  other  albuminous  bodies,  dis- 
solved so  very  quickly  that  the  digestion  test  with  raw  fibrin  gives 
an  incorrect  idea  of  the  power  of  trypsin  to  dissolve  coagulated 
albuminous  bodies  in  general.  An  accumulation  of  digexiion  pro- 
ducts tends  to  hinder  the  trypsin  digestion. 

The  Products  of  the  Trypsin  Digestion.  In  the  digestion  of  un- 
boiled fibrin  a  globulin  which  coagulates  at  +  55°-56°C.  may  be 
obtained  as  an  intermediate  product  (Herrmann).  Moreover  from 
fibrin,  as  well  as  from  other  albuminons  bodies,  alliumo»e»  and 
peptones,  leucin,  tyrosin  and  a  spar  tic  (icid,  a  little  (I'limonia 
(IIlRscHLER),  and  a  substance  whose  nature  is  not  known  and  which 
gives  a  beautiful  purple-red  liquid  with  chlorine  or  bromine  wat«r 
in  acid  solution,  have  been  obtained.  When  putrefaction  has  not 
been  entirely  prevented  numerous  other  bodies  appear  which  will  be 
spoken  of  later  in  connection  with  the  putrefaction  process  going 
on  in  the  intestine.  In  the  trypsin  digestion,  in  contrast  to  the 
pepsin  digestion,  pure  peptones,  not  precipitated  by  ammonium  sul- 
phate, are  relatively  easily  and  quickly  formed.  The  peptone, 
according  to  Kdhne  consists  entirely  of  antipeptoue,  and  the  above- 
mentioned  decomposition  products,  leucin  and  the  others,  are  formed 
by  the  decomposition  of  the  hemipeptone.  We  will  now  consider 
leucin  and  tyrosin  decomposition  products  formed  by  the  trypsin 
digestion  of  proteids. 

lencin,  C.H,3N0,,  or  amido-caphoic  acid,  CtH,„(Nn,}COOH, 
besides  occurring  in  tlie  trypsin  digestion  of  proteids,  is  derived 
from  the  protein  substances  by  their  decomposition  on  boiling  with 
dilnted  acids  or  alkalies,  by  melting  with  alkali  hydrates,  and  by 
putrefaction.  Because  of  the  ea^e  with  which  leucin  and  tyrosin 
are  formed  in  the  decomposition  of  protein  substances,  it  Is  difficult 
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to  positiveljr  decide  whether  these  bodies  when  fooud  in  the  tiesnea 
are  constituents  of  the  living  body  or  are  only  to  be  considered  as 
decomposition  prodncta  formed  aftev  death.  Leucin  has  been  found 
Id  tile  pancreas  and  its  secretion,  in  the  spleen,  thymus  and  lymph- 
glands,  in  tbe  thyroid  gland,  in  the  salivary  glands,  in  the  kidneys, 
brain,  and  liver  (but  mostly  in  disease).  It  also  occurs  in  the  wool 
gf  sheep,  in  dirt  from  the  akin  (inactive  epidermis)  and  between 
the  toes,  and  its  (lecomposition  products  have  the  ilii^agreeable  odor 
of  the  perspiration  of  tbe  feet.  It  is  found  pathologically  in 
atheromatous  ulcers,  ichthyosis  scales,  pus,  blood,  and  urine  (in  dis- 
eases of  the  liver).     Leucin  also  occurs  in  the  vegetable  kingdom. 

Leucin  may  be  prepared  synthetically  most  simply  by  the  action 
of  ammonia  on  monobrom-caproic  acid  (Hupneb).  On  heating 
with  fuming  hydriodic  acid  to  140°  C.  it  splits  into  ammonia  and 
caproic  acid.  On  heating  leuoin  alone  it  decomposes  with  the  for- 
mation of  carbon  dioxide,  ammonia,  and  amylamin.  On  fusing 
with  caustic  alkali,  as  also  on  putrefaction,  it  yields  I'alerianic  acid 
and  ammonia. 

Leucin  cryatallizes  when  pure  in  shining,  white,  very  thin 
plates,  usually  forming  round  knobs  or  balls,  either  appearing  like 
hyalin  or  alternating  light  or  dark  concentric  layers  which  consist 
of  radial  gi'oups  of  crystals.  Leucin  as  obtained  from  the  animal 
flnids  and  tissues  is  very  easily  soluble  in  water  and  mthor  easily  in 
alcohol.  Pure  lencin  is  soluble  with  difficulty;  it  dissolves  in  27 
parts  cold  water,  in  1040  parts  cold  and  in  800  parts  boiling  alco- 
hoi.  It  is  easily  dissolved  by  alkalies  and  acids.  On  slowly  heating 
to  170°  C.  it  melts  and  sublimes  in  white,  woolly  Sakea  which  are 
similar  to  sublimed  zinc  oxide.  A  marked  odor  of  amylamin  is 
generated  at  the  s:tme  time. 

The  solution  of  leucin  in  water  is  not,  as  a  rule,  precipitated  by 
metallic  salts.  The  boiling-hot  solution  may,  however,  be  precipi- 
tated by  a  boiling-hot  solution  of  copper  acetate.  If  the  solution 
of  leucin  is  boiled  with  sugar  of  lead  and  then  ammonia  be  added 
to  the  cooled  solution,  shining  crystalline  leaves  of  leucin-lead  oside 
sepanite.  When  boiled  with  leucin,  copper  oxyhydrate  is  dissolved 
without  reduction. 

Leucin  is  recogniaed  by  the  appearance  of  the  balls  or  knobs 
nnder  the  microscope,  by  its  action  when  heated  (sublimation  test). 
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and  bj  Schersb's  test.  This  last  consists  in  the  leacin  yielding  a 
oolorlesB  residae  when  carefnUy  evaporated  with  nitric  acid  on 
platinam-foily  and  this  residoe  when  wanned  with  a  few  drops  of 
caustic  soda  gives  a  color  varying  from  a  pale  yellow  to  brown  (de* 
pending  on  the  purity  of  the  leucin),  and  on  farther  concentrating 
over  the  flame  it  agglomerates  into  an  oily  drop  which  rolls  about 
on  the  foiL 

TyroiiB,  C»H|iNO,,  or  p.  oxtphsnyl-amidoproprioxic  acid, 
HO.CcH«.CtE^NHs).COOH,  is  derived  from  most  protein  snb- 
Ftances  (not  gelatin)  under  the  same  conditions  as  leucin,  which  it 
habitually  accompanies.  It  is  especially  found  with  leucin  in  large 
quantities  in  old  cheese  (Tvpo^^  from  which  it  derives  its  name. 
Tyrosin  has  not  with  certainty  been  found  in  perfectly  fresh  organs, 
with  the  exception,  perhaps,  of  the  spleen  and  pancreas  of  cattle. 
It  occurs  in  the  intestine  in  the  digestion  of  albuminous  sub- 
stances, and  it  has  about  the  same  physiological  and  pathological 
importance  as  leucin. 

Tyrosin  was  prepared  by  Erlenmeteb  and  Lipp  from  p.  amido- 
phenylalanin  by  the  action  of  nitrous  acid.  On  fusing  with  caustic 
alkali  it  yields  p.  oxybenxoic  acid,  acetic  acid,  and  ammonia.  By 
putrefaction  it  may  yield  p.  hydrocoumaric  acid,  oxyphenyl-acetic 
acidy  and  p.  cresoL 

Tvrosin  in  a  verv  impure  state  mav  be  in  the  form  of  balls 
similar  to  leucin.  The  purified  tyrosin,  on  the  contrary,  appears  as 
colorless,  silky,  fine  needles  which  are  often  grouped  into  tufts  or 
balls.  It  is  soluble  with  difficulty  in  water,  being  dissolved  by  2454 
parts  water  at  -^  20'  C.  and  154  parts  boiling  water,  separating, 
however,  as  tuft^  of  needles  on  cooling.  It  dissolves  more  easily 
in  the  presence  of  alkalies,  ammonia,  or  a  mineral  acid.  It  is 
difficultly  soluble  in  acetic  acid.  Crystals  of  tyrosin  separate  from 
an  ammoniacal  solution  on  the  spontaneous  evaporation  of  the 
ammonia.  It  is  not  soluble  in  alcohol  or  ether.  Tvrosin  is  known 
by  its  crystaiiine  form  and  by  the  following  reactions : 

Pi  EI  A 's  TeM,  Tyrorin  is  dissolved  in  concentrated  sulphuric 
acid  by  the  aid  of  heat,  by  which  tyrosin  sulphuric  acid  is  formed; 
it  is  allowed  to  oool,  diluted  with  water,  neutralized  by  BaCOj, 
aud  filtered.  On  the  addition  of  a  solution  of  ferric  chloride,  the 
filtrate  gives  a  beautiful  violet  color.     This  reaction  is  impeded  by 
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the  presence  of  free  mineral  acida  and  by  the  addition  of  too  much 
ferric  chloride. 

HoFMANN'a  Test.  If  some  wattT  is  poured  on  a  small  quantity 
of  tyrosin  in  a  teat-tiibe  and  a.  few  drops  of  Millon's  reagent 
added  and  then  the  mi^iture  boiled  for  a  certain  time,  the  liquid 
becomes  a  beautiful  red  and  then  yields  a  red  precipitate.  Or 
mercuric  nitrate  may  first  be  added,  then,  after  this  has  boiled, 
nitric  acid  which  contains  some  nitrous  acid. 

Schereu'b  Test.  If  tyrosin  is  carefully  evaporated  to  dryness 
with  nitric  acid  on  platinum-foil,  a  beautiful  yellow  residue  {nitro- 
tyrosin  nitrate)  is  obtained,  which  gives  a  deep  reddish-yellow  color 
with  caustic  soda.  This  test  is  not  characteristic,  as  other  bodies 
give  a  similar  reaction. 

Leucin  and  tyrosin  may  be  prepared  in  large  qnantities  by 
boiling  albuminous  bodies  or  albuminoids  with  d^ute  mineru 
acids.  Ordinarily  we  boil  hoof-shavings  (3  parts)  with  dilute  sul* 
phurio  acid  (5  parts  concentrated  acid  and  1^  jiarts  water)  for  24 
hours.  After  boiling  the  solution  it  is  diluted  with  water  and  nen- 
tnilized  while  still  warm  with  milk  of  lime  und  then  filtered.  The 
calcium  sulphate  is  repeatedly  boiled  with  water,  and  the  sevenil 
filtrates  are  united  and  concentrated.  The  lime  ib  precipitated 
from  the  concentrated  liquid  by  oxalic  acid  and  the  precipitate 
filtered  off,  repeatedly  boiled  with  water,  all  filtrates  uuiteu  and 
evaporated  to  crystallization.  What  first  crystallizes  consists 
chiefly  of  tyrosin  with  only  a  little  leucin.  Byconceutnition  a  new 
crystallization  may  be  prodaced  in  thomotber-liquor,  which  consists 
of  leucin  with  some  tyrosin.  To  separate  leucin  and  tyrosin  fi-om 
each  other  their  different  solubilities  in  water  may  lie  taken  advan- 
tage of  in  preparing  them  on  a  large  scale,  but  surer  and  better 
roEulta  are  obtained  by  the  following  method  of  Hlasiwetz  and 
Habbrhann.  The  crystalline  mafis  is  boiled  with  a  large  quantity 
of  water  and  enough  ammonia  to  dissolve  it.  To  this  boiling-hot 
solution  enough  basic  lead  acetate  is  added  until  the  precipitate 
formed  is  nearly  white;  now  filter,  heat  the  light  yellow  filtrate  to 
boiling,  neutralize  with  sulphuric  acid,  and  filter  while  boiling  hot. 
After  cooling,  nearly  all  the  tyrosin  is  precipitated,  while  the  leucin 
remains  in  the  solution.  The  tyrosin  may  be  purified  by  recrys- 
tallizing  from  boiling  water  or  from  ammoniacal  water.  The 
above-mentioned  mother-liquor  rich  in  leucin  is  treated  with  H,S, 
the  filtrate  concentrated  and  boiled  with  an  excess  of  freshly-pre- 
cipitated copper  oxyliydrate.  A  part  of  the  leucin  is  precipitated, 
and  the  residue  remains  in  the  solution  and  partly  crystallizes  as  a 
cuprous  compound  on  cooling.     The  copper  is  removed  from  the 
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precipitate  and  solation  bj  means  of  H,S,  the  filtrate  deooloriaed 
when  necessary  with  animal  charcoal,  strongly  concentrated  and 
allowed  to  crystaUixe.  The  lencin  obtained  from  the  precipitate  is 
qoite  pure,  while  that  from  the  solution  is  somewhat  contaminated. 

If  one  is  working  with  small  qaantitieSy  the  crjstaU,  which 
consist  of  a  miztare  of  the  two  bodies,  may  be  dissolVed  in  water 
and  this  solation  precipitated  with  basic  leaii  acetate.  The  filtrate 
is  treated  with  H^,  the  new  filtrate  eyaporated  to  drrness,  and  the 
residue  treated  with  warm  alcohol  which  dissoWes  the  lencin  bnt 
not  the  tyrosin.  The  remaining  trroein  is  purified  by  recrystalliza- 
tion  from  anunoniacal  alcohoL  lieucin  may  be  purified  by  recrys- 
talliauion  from  boiling  alcohol  or  by  precipitating  it  as  leucin  lead 
oxide,  treating  the  precipitate  suspended  in  water  with  H^  and 
CTaporating  the  filtered  solution  to  crystallisation. 

To  detect  the  presence  of  leucin  and  tyrosin  in  animal  fluids  or 
tissues  the  albumin  must  first  be  remoTed  by  coagulation  with  the 
addition  of  acetic  acid  and  then  precipitated  by  basic  lead  acetate. 
The  filtrate  is  treated  with  H^S,  this  nitrate  evaporated  to  a  mnp 
or  to  dryness,  and  the  two  bodies  in  the  residue  are  separated  from 
each  other  by  boiling  alcohol  and  then  purified  as  abore  stated. 

Aspartie  Aeid,  C^H^NO^,  or  AMiDO-succnac  acid,  CsH,(NHt). 
(COOH),.  This  acid  has  been  obtained  in  the  trypsin  digestion  of 
fibrin  (Radziejewski  and  Salkowski)  and  of  giutin  (v.  Kkie- 
RIEX).  It  may  also  be  obtained  by  the  decomposition  of  albumin- 
ous bodies  or  albuminoids  with  acids  (see  Chap.  II).  It  has  also 
been  found  in  beet-root  molasses,  and  lastly  it  is  very  widely  dif- 
fused in  the  Tegetable  kingdom  as  the  amid  asparagixe  (amido- 
SQOcinic-acid  amid),  which  seems  to  be  of  the  greatest  importance 
in  the  development  and  formation  of  the  albuminous  bodies. 

Aspartie  acid  dissolves  in  boiling  water  and  crystallizes  on  cool- 
ing into  rhombic  prisms.  It  is  optically  active,  and  is  dextrogyrate 
in  a  solution  strongly  acid  with  nitric  acid.  It  forms  with  copper 
oxide  a  crystalline  combination  which  is  soluble  in  boiling-hot 
water  and  nearlv  insoluble  in  cold  water,  and  which  mav  be  used  in 
the  preparation  of  the  pare  acid  from  a  mixture  with  other  bodies. 

T}it  action  of  trypsin  on  other  ^v/jV^e  has  not  been  thoroughly 
studied.  An  enzyme  hac>  been  found  in  the  pancreas-gland  of  the 
pig  and  certaiu  herhiTora  which  causes  a  coagulation  of  neutral  or 
alkaline  milk'  iK'^'HVe  and  Roberts).  Gelatin  is  dis^olveii  by  the 
pancreiitic  juice  ar.i  la  coi. verted  into  gelatin  peptone.  In  tests 
with  a  very  impnre  infusion  ^self- digestion  of  the  gland  in  thepres- 
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ence  of  gelatiue),  besides  gelatin  peptone  Nekcki  obtained  leucin, 
glycocoll,  itmmonia,  a  base,  C,Hi,N,  and  other  products.  The  pure 
enzyme,  according  to  KiiesE,  gives  neither  glycocoll  nor  leucta 
with  gelatin.  The  yelatin-giviug  substance  of  the  connective  tis- 
sues is  not  directly  dissolved  by  trypsin,  but  only  after  it  has  been 
treated  with  acid  or  after  soaking  in  water  at  -j-'i^O"  C.  By  the 
action  of  trypsin  on  hyalin  cartilage  the  cells  dissolve,  leaving  the 
nucleus.  The  buais  is  softened  and  ehowa  an  indlstinctly-con- 
Btrncted  network  of  collagenous  substance  (KiiUNE  and  Ewald). 
The  elastic  substance,  the  structureless  viembi-aiie,  and  the  iiam- 
brane  of  the  fat-cells  are  also  dissolved.  Parenchymatous  orgatts, 
such  as  the  liver  and  the  muscles,  are  diseolved  to  the  nuclens,  and 
also  connective  tissue,  fat-corpuscloB,  and  the  remiiinder  of  the 
nervous  tissue.  If  the  muscles  are  boiled,  then  the  connective  tissue 
is  also  dissolved.  Trj-psin  seems  to  be  without  action  on  chitin 
and  horny  substance.  Oxyhietnoglobin  is  decomposed  by  trypsin 
with  the  splitting  off  of  luematin.  Bmnoglobin.  on  the  contrary, 
when  the  access  of  oxygen  is  completely  prevented,  is  not  decom- 
posed by  trypsin  (Hoppe-Seyler).  Trypsin  does  not  act  on  fats 
or  carbohydrates. 

It  was  already  brought  out  above  that  trypsin  does  not  eiist 
ready  formed  in  the  gland,  but  more  likely,  as  Heidenhain  has 
shown,  the  gland  contains  a  corresponding  zymogen.  The  maxi- 
mum quantity  of  such  zymogen  in  the  gland  occnrs  14-lfi-18  hours 
after  an  abundant  meal,  and  the  minimum  6-10  hoars  after. 
This  zymogen  is  not  changed  by  glycerin  so  that  it  forms  trypsin, 
but  is  easily  changed  by  water  and  acids.  A  soda  aolntion  of  1-1.5^, 
on  the  contrary,  prevents  almost  entirely  the  changing  of  the 
zymogen.  If  we  allow  the  gland  to  lie  in  the  air  it  gradually 
becomes  acid,  and  this  loads  to  the  formation  of  an  enzyme  in  which 
the  oxygen  seems  to  be  active,  as  is  usual  in  the  conversion  of  the 
zymogen  into  trypsin.  It  is  very  probable  also  that  the  two  other 
enzymes  are  formed  from  cori'esponding  zymogens,  and  this  has 
been  shown  to  be  plausible  in  regard  to  the  diostatic  enzymes  by 

LiTBRSIUOE. 

After  a  plentiful  meal  Heidenhaik  fonnd  in  dogs  in  the  first 
stages  of  digestion,  when  the  secretion  of  pancreatic  juice  wag 
most  active,  that  the  glandular  cells  became  smaller  owing  to  the 
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conanmption  of  the  inner  granular  zone,  while  the  onter  zone  at  the 
same  time  took  up  new  matedal  and  became  larger.  In  these  stages 
the  quantity  ol  zymogen  is  smallest.  At  a  later  period,  12-20  hours 
after  a  meal,  the  inner  zone  is  re-formed  from  the  outer,  aiid  the 
larger  this  zone  is  the  larger  the  quantity  of  zymogeu  in  the  gland 
seems  to  be.  The  zymogen  consequently  belongs  to  the  inner  zone, 
and  the  secretiou  coneists  therefore,  at  least  in  part,  in  a  deetruo- 
tioQ  or  diasolation  of  this  zone  whereby  the  substance  of  the  gland 
itself  is  changed  into  the  secretion  (Ueidenhain).  This  view, 
however,  is  in  opposition  to  that  of  Lewaschew,  who  observed 
that  in  animals  which  have  starved  and  whose  pancreas-glands  are 
nearly  free  from  zymogen,  the  inner  granular  zone  is  just  as  much 
developed  as  nnder  normal  conditions  and  contains  abundant  quan- 
tities of  zymogen.  We  are  still  completely  in  the  dark  regarding 
the  nature  of  the  chemical  processes  which  take  place  in  the  coq- 
version  of  the  zymogen  into  the  enzyme. 


V.    The  Chemical  Processes  in  the  Intestine. 

The  action  which  belongs  to  each  digestive  secretion  may  be 
esBentially  changed  by  mixing  with  other  digestive  fluids;  and  since 
the  digestive  fluids  which  flow  into  the  intestine  are  mixed  with 
still  another  fluid,  the  bile,  it  will  be  readily  understood  that  the 
combined  action  of  all  these  fluids  in  the  intestine  makes  the 
chemical  processes  going  on  therein  very  oomplicated. 

As  the  acid  of  the  gastric  juice  acts  destructively  on  ptyulin,  this 
enzyme  has  no  further  diastatic  action,  even  after  the  acid  of  the 
gastric  juice  has  bei-n  ueutralizi.'d  in  the  intestine.  The  bile  has,  at 
least  in  certain  animals,  a  faint  diastatic  action  which  in  itself  can 
hardly  l>e  of  any  great  importance,  but  which  shows  that  the  bile 
has  not  a  preventive  but  rather  a  beneficial  influence  on  the 
energetic  diastatic  action  of  the  pancreatic  juice  and  tlie  faint 
diastatic  action  of  the  intestinal  juices.  Habtin  and  Williams 
observed,  in  experiments  made  recently,  a  beneficial  action  of  the 
bile  on  the  diastatic  action  of  the  pancreas  infusion.  To  this  may 
b«  added  that  the  organized  ferments  which  occur  habitually  in 
4u  intestine  and  sometimes  in  the  food  have  partly  a  diastatic 
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action  and  partly  produce  a  lactic-acid  and  bntyrio-acid  fermen- 
tation. 

The  maltose  which  is  formed  from  the  starch  seems  to  be  con- 
yerted  into  glucose  in  the  intestine.  The  cellulose,  especially  the 
finer  and  more  tender,  is  undoubtedly  partly  dissolved  in  the  intes- 
tine ;  the  products  formed  hereby  are  not  very  well  known.  It  has 
been  shown  by  Tappekier  that  cellulose  may  produce  a  marsh-gas 
fermentation  in  the  intestines  caused  by  the  action  of  a  micro- 
organism; but  we  do  not  know  to  what  extent  the  cellulose  is  de- 
stroyed and  what  part  is  valueless  for  the  organism. 

Bile  possesses  the  power  of  dissolving  fats  in  so  slight  a  degree 
that  it  is  scarcely  worthy  of  mention.  It  is,  however,  without  doubt 
of  greater  importance  that  the  bile,  as  Nbncki  has  shown,  fitcilitates 
the  fat-splitting  action  of  the  pancreatic  juice.  This  splitting  of 
the  fats  into  fatty  acids  and  glycerin  is  an  important  factor  in  the 
absorption  of  the  fats.  The  fatty  acids  combine  with  the  alkalies 
of  the  bile  and  most  readily  with  the  alkalies  of  the  intestinal  and 
pancreatic  juices,  producing  soaps  which  may  be  partly  absorbed 
as  such  and  partly  exercise  a  powerful  action  on  the  absorption  of 
the  fats.  There  is  no  doubt  that  the  chief  part  of  the  fats  in  the 
foods  is  absorbed  as  a  fine  emulsion,  and  for  this  reason  the  soaps 
are  of  such  importance  in  the  formation  of  this  emulsion. 

If  to  a  soda  solution  of  about  2  p.  m.  NajCOs  we  add  pure, 
actually  neutral  olive-oil  in  not  too  large  quantity,  we  obtain,  after 
vigorous  shaking,  a  transient  emulsion.  If,  on  the  contrary,  we 
add  to  the  same  quantity  of  soda  solution  an  equal  amount  of  com- 
mercial olive-oil  (which  always  contains  free  fatty  acids),  we  need 
only  turn  the  vessel  over  for  the  two  liquids  to  mix  and  immediately 
we  have  a  very  finely-divided  and  permanent  emulsion  making  the 
liquid  appear  like  milk.  The  free  fatty  acids  of  the  always  some- 
what rancid  commercial  oil  combine  with  the  alkali  forming  soaps, 
which  act  to  emulsify  the  fats  (Brucke,  Gad).  This  emulsifying 
action  of  the  fatty  acids  split  off  by  the  pancreatic  juice  is  undoubt 
edly  assisted  by  the  habitual  occurrence  of  free  fatty  acids  in  the 
food,  and  also  by  the  splitting  off  of  fatty  acids  from  the  neutral 
fats  by  the  putrefaction  in  the  intestine.  These  fatty  acids  must 
also  combine  with  the  alkalies  in  the  intestine  and  form  soaps. 

This  emulsification  of  fats  by  means  of  the  action  of  the  pan- 
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creatic  juice  or  by  soaps  formed  in  other  ways  can  only  take  plaoo 
in  an  alkuline  fialution.  In  the  couteote  of  the  iuteslioe,  as  long 
aa  they  are  acid,  such  an  emulsion  can  hai'dly  occur.  On  the  con- 
trary, it  undoubtedly  occurs  at  the  point  where  the  fat  comes  in 
contact  with  an  alkaline  secretion  under  a  mucous  membrane,  or 
in  general  where  it  meets  with  sufflcient  alkali  to  form  an  emnl- 
eion.  In  the  acid  contents  of  the  intestines  of  dogs,  which  had 
been  kept  on  food  rich  in  fat,  Lcdwig  and  Cash  observed  no 
emulsion.  After  tying  the  two  pancreas  excretory  ducta  they 
found  a  remarkably  fine  emnlsion  in  the  chylouH  Teasels,  though 
the  fat  in  the  contents  of  tlie  Intestine  was  not  emulsified.  In 
this  case  it  la  possible  that  the  tree  fatty  acid  which  is  hardly  ever 
absent  in  the  fat  of  the  food,  and  which  may  be  produced  also  by 
putrefaction  in  the  intestine,  forma  soaps  with  the  alkali  of  the 
mncDUB  coat  of  the  intestine  and  produces  the  emulsion  in  the 
chylous  vessel  a. 

Claudb  BERriARD  found  long  ago  in  his  experiments  on  rab- 
bits, in  which  animals  the  choledochua  duct  to  the  small  intestine 
was  inosculated  above  the  pancreaa  passages,  that  when  their  food 
contained  a  large  proportion  of  fat  the  cliylous  veasels  of  the  intes- 
tine above  the  pancreas  passages  were  transparent,  but  below  the 
same  they  were  milky-white,  and  from  this  concluded  that  the  bile 
alone,  without  the  pancreatic  juice,  does  not  emulsify  fata.  Dastbk 
tried  the  reverse  experiment  in  dogs,  namely,  tying  tiie  choledo- 
chuB  duct  and  producing  a  biliary  fistula,  through  which  the  bile 
wonid  flow  into  the  intestine  below  the  mouth  of  the  pancreatic 
poBsagea.  When  the  animals  were  killed  after  a  meal  rich  in  fat, 
the  chylous  vessels  were  first  milky-white  below  the  opening  of  the 
biliary  fistula.  Uastre  draws  the  following  conclusion  from  this  ; 
that  combined  action  of  the  bile  and  the  pancreatic  juice  is  neces- 
sary for  the  absorption  of  the  fats — a  deduction  which  coincidea 
with  the  above-mentioned  observations  of  Nescki. 

Bile  hits  no  solvent  action  on  proteids,  but  still  It  may  have  an 
inflneuce  on  their  digestion.  The  acid  contents  of  the  stomach, 
containing  iin  abundance  of  proteids,  give  with  the  bile  a  precipi- 
tate of  proteids  and  bile-acids.  This  precipitate  carries  a  part  of 
the  pepsin  with  it,  and  for  this  reason  and  on  account  of  the  partial 
or  complete  iioutnilization  of  the  aciil  of  the  gastric  juice  by  the 
alkali  of  the  bile  and  the  pancreatic  jnice  the  pepsin  digestion  can- 
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not  proceed  further  in  the  intestine.  On  the  contniry,  the  bile 
does  not  disturb  the  digestion  of  albiimin  by  meauB  of  the  pancre- 
atic juice  in  the  intestine.  The  action  of  these  digestive  secr^ 
tiona,  as  above  stated,  is  not  disturbed  by  the  bile,  especiuUy  not  by 
the  faintly-acid  reaction  due  to  organic  acids  which  are  habitually 
fonnd  in  the  uppet'  parts  of  the  intestine.  In  u  dog  killed  while 
digestion  is  going  on,  the  faintly-acid,  bile-contuining  matter  of  the 
intestine  shows  a  strong  digestive  action  ou  albumin. 

The  precipitate  formed  on  the  mixing  of  the  acid  contents  of 
the  stomach  and  the  bile  dissolves  easily — partly  by  the  acid  reac- 
tion— in  an  excess  of  the  bile,  also  in  the  NaCl  produced  by  the 
neutralization  of  the  hydrochloric  acid  of  the  gastric  j'uioe.  Since 
in  man  the  exit  passages  of  the  bile  and  the  pancreatic  juice  open 
near  one  another,  and  therefore  the  acid  contents  of  tlie  stomach 
are  probably  immediately  neutralized  by  the  bile  as  soon  aa  it 
enters,  it  is  doubtful  whether  a  precipitation  of  albumin  by  the  bile 
occurs  in  the  intestine. 

Besides  the  previously-mentioned  processes  caused  by  enzymes, 
there  are  others  of  a  different  nature  going  on  in  the  inteetine, 
namely,  the  putrefaction  processes  caused  by  micro-oi'gitnisms. 
These  are  less  intense  in  the  upper  parts  of  the  intestine,  but 
intensity  towards  the  lower  part  of  the  same,  and 
the  liirgo  intestine  because  of  the  absorption  of  water. 
A  positive  proof  that  the  micro-organisms  are  active  in  these 
processes  lies  in  the  fact  that  they  occur  very  abundantly  in  the 
contents  of  the  intestine;  and  it  is  to  be  remarked  that  these 
organisms  occur  in  largest  quantities  in  the  lower  parts  of  the 
inteetine,  wliere  the  contents  have  the  most  disagreeable  odor. 
No  putrefaction  occurs,  on  the  contrary,  in  the  intestinal  canal  of 
the  fcetuB,  which  follows  from  the  fact,  proveil  by  Zweifel, 
Hoppe-8eyler,  and  Senator,  that  in  the  contents  of  the  same 
only  undecomposed  bile-acids  and  bile-pigments  occur,  white  the 
otherwise  regnlarly-occurring  prodocts  of  putrefaction  in  the 
intestinal  canal  are  absent. 

The  putrefaction  processes  in  the  intestine  are  somewhat  differ- 
ent from  those  of  the  pancreas  digestion;  and  these  two  processes 
are  eflsentially  different  from  each  other  in  the  products  which  they 
yield.  In  the  pancreatic  digestion  there  are  formed,  so  far  as  is 
known,  besides  albumoses  and  peptones,  nmido-ucids  and  ammonia. 
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In  the  pntrefaction  of  the  proteids  we  have,  indeed,  the  same  pro- 
ducts formed  at  the  begiDiiing,  but  the  decompoBition  proceeds 
coueiderably  further  and  a  number  of  products  are  developed, 
which  have  become  known  throngh  the  labors  of  numeroua  invea- 
tigatore,  Nencki,  Baumann,  Briboer,  H.  and  E.  Salkowski, 
Tlie  products  which  are  formed  in  the  putrefaction  of  proteids  are 
(in  addition  to  albumoms,  peptones,  amido-acids,  and  ammonia) 
indol,  akalol,  paracresol,  phenol,  phenyl-propionic  acid,  wiH^phBHyl- 
acetic  acid,  also  paraoxyphenyl-acetic  acid  and  hydroparacoumaric 
acid  (besides  paraciesol,  produced  in  the  putrefaction  of  tyroHin), 
volaiik  fatty  acids,  carbon  dioxide,  hydrogen,  vutrsh-gas,  and  avi' 
pkuretted  hydrogen.  In  the  putrefaction  of  gelatin  neither  tyrosin 
nor  indol  is  formed,  while  ghjcovalHs  produced. 

Among  these  products  of  decomposition  a  few  are  of  special 
interest  because  of  their  behavior  within  the  organism,  and  because 
after  their  absorption  they  pass  into  the  urine,  A  few,  such  as  the 
oxyacida,  pass  unchanged  into  the  urine,  while  others,  siich  as 
phenol,  are  transformed  into  ethereal  sulphuric  acids  by  synthesis, 
and  are  eliminated  by  the  urine  ;  others,  ou  the  coutrary,  such  as 
indol  and  akatol,  are  only  converted  into  ethereal  sulphuric  acids 
after  oxidation  (tor  details  see  Chapter  XIV).  The  quantity  of 
these  bodies  in  the  urine  varies  also  with  the  extent  of  the  putre- 
faction processes  in  the  intestine  ;  at  least  this  is  true  for  the  ethe- 
real sulphuric  acids.  Their  quantity  increases  with  a  stronger  pu- 
trefaction, and  the  reverse  takes  place,  as  Baumann  has  shown  by 
experiments  on  dogs,  when  the  intestine  has  been  disinfected  by 
tifllomel,  as  then  they  disappear  from  the  urine. 

Among  the  products  of  putrefaction  developed  in  the  intestine, 
indol  and  skatol  must  be  carefully  discussed. 


ISTMJL,  C,H,N  =  C.H, 


CH 
=  C.H.  CH, 

,0.0.  H. 
/  \ 


Skatol,    or   hethtl- 


OH,  are  two  bodies  which  stand 
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in  close  relationship  to  the  indigo  substances,  and  which  are 
formed  from  tlie  albuminona  bodies  by  their  putrefaction,  or  by 
fuaioQ  with  caustic  alkali.  Hence  they  occur  habitaally  in  the 
hnmaii  integtinKl  caual  and  after  oxidation  into  iudosyl  and 
skstoxyl  respectively,  paas,  at  least  partly,  into  tlie  urioe  as  the 
correBponding  ethereal  sulphuric  acids,  but  also  as  glycnronic 
acids. 

These  two  bodies  have  been  prepareil  synthetically  in  many 
ways.  Both  may  be  obtained  from  indigo  by  reducing  it  with  tin 
and  hydrochloric  acid  and  heating  this  reduction  product  with 
^inc-dust  (Baeyer),  ludol  may  be  formed  fromskatoi  by  passing 
it  through  a  red-hot  tube.  Indol  suspended  in  water  is  in  part 
osidized  into  indigo-blue  by  ozone  (Nescki). 

Indol  and  skatol  crystallize  in  shining  leaves,  and  their  melting 
points  are  -}-  52"  and  95°  respectively.  Indol  has  a  peculiar  eicre- 
meutitious  odor,  while  skatol  has  an  intense  fetid  odor  (akatol  ob- 
tained from  indigo  should  be  odorless).  Both  bodies  are  easily 
volatilized  by  steam,  akatol  more  easily  than  indol.  They  may  both 
be  removed  from  the  watery  distillate  by  ether.  Skatol  is  the  mora 
insoluble  of  the  two  in  boiling  water.  Both  are  easily  soluble  in 
alcohol,  and  give  with  picric  acid  a  combination  consisting  of  red 
crystalline  needles.  I(  a  mixture  of  the  two  picrates  be  distilled 
with  ammonia,  they  both  pass  over  without  decomposition  ;  but  if 
they  are  distilled  with  caustic  soda,  the  indol  is  decomposed  but 
not  the  akatol.  The  watery  solution  of  indol  gives  with  fuming 
nitric  acid  a  red  liquid,  and  then  a  red  precipitate  of  nitroso-indol 
nitrate  (Baeyeb).  It  ia  better  to  first  add  two  or  three  drgps  of 
nitric  acid,  and  then  a  2?f  solution  of  potassinm  nitrite,  drop  by 
drop  (Salkowski).  Skatol  does  not  give  this  reaction.  An 
alcoholic  solution  of  indol  treated  with  hydrochloric  acid  colors  a 
pine  chip  cherry-red.  Skntol  does  not  give  this  reaction.  Skatol 
dissolves  in  concentrated  hydrochloric  acid  with  a  violet  coloration. 

For  the  detection  of  indol  and  skatol  in,  and  their  preparation 
from,  excrement  and  putrefying  masses,  the  main  points  of  the 
asual  method  are  as  follows:  The  mass  is  distilled  after  acidifying 
with  acetic  acid;  the  distillate  is  then  treated  with  alkali  (to  com- 
bine with  any  phenol  which  may  be  present  at  the  same  time)  and 
again  distilled.     From  this  second  distillate  the  two  bodies,  after 
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the  addition  of  hjdrolichloric  acid,  are  precipitated  bj  picric  acid* 
The  picrate  precipitate  is  then  distilled  with  ammonia.  The  two 
bodies  are  obtained  from  the  distillate  by  repeated  shaking  with 
ether  and  oTaporation  of  the  several  ethereal  extracts.  The  residue, 
containing  indol  and  skatol,  is  dissolved  in  a  very  small  quantity  of 
absolute  alcohol  and  treated  witli  8-10  vols,  of  water.  Skatol  is 
precipitated,  but  not  the  indol.  The  further  treatment  necessary 
for  their  separation  and  purification  will  be  found  in  other  works. 

The  gates  which  are  produced  by  the  putrefactive  processes  are 
mixed  in  the  intestinal  tract  with  the  atmospheric  air  swallowed 
with  the  saliva,  and  as  the  gas  generated  by  different  foods  v^ry, 
so  the  mixture  of  gases  after  various  foods  should  have  a  dissimilar 
composition.  This  is  found  to  be  true.  Oxygen  is  only  found  in 
verv  faint  traces  in  the  intestine;  this  mav  be  accounted  for  in 
part  by  the  formation  of  reducing  substances  in  the  fermentation 
processes  which  combine  with  the  oxygen,  and  partly,  perhaps 
chiefly,  to  a  diffusion  of  the  oxygen  through  the  tissues  of  the  walls 
of  the  intestine.  To  show  that  these  processes  take  place  mainly 
in  the  stomach  the  reader  is  referred  to  page  189,  on  the  composi- 
tion of  the  gases  of  the  stomach.  Xitrogen  is  habitually  found  in 
the  intestine,  and  it  is  probably  due  chiefly  to  the  swallowed  air, 
or  perhaps  in  part,  as  Buxge  claims,  to  a  diffusion  of  nitrogen 
from  the  tissues  of  the  intestinal  walls  to  the  intestine.  The 
^carbon  dioride  originates  partly  from  the  putrefaction  of  the  pro- 
teids,  partly  from  the  lactic-acid  and  butyric-acid  fermentation  of 
carbohydrates,  and  partly  from  the  setting  free  of  carbon  dioxide 
from  |he  alkali  carbonates  of  the  pancreatic  and  intestinal  juices 
by  their  neutralization  by  the  hydrochloric  acid  of  the  gastric  juice 
and  by  organic  acids  formed  in  the  fermentation.  Hydrogen  occurs 
in  largest  qoar.tities  after  a  milk  diet  and  in  smallest  quantities 
after  a  purely  meat  diet.  This  gas  seems  to  be  formed  chiefly  from 
the  butyrioaoid  fermentation  of  carbohydrates,  although  it  may 
occnr  in  large  quantities  in  the  putrefaction  of  proteids  under  cer- 
ta'n  cireumsta'joes.  There  is  no  doubt  that  the  sulpliurettcd 
li.'Jrf'Oen  which  oeonrs  normaViv  in  the  intestine  oriirinates  from 
::.e  proie-ds.  The  ^narsh-ga^  undoubtedly  originates  in  the  putre- 
fa-;:  on  of  prctteids.  As  proof  of  iliis  RroE  found  •20.45^  marsh- 
gas  :n  the  human  intestine  after  a  meat  diet.     He  found  a  still 
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greater  quantity  of  this  gas  after  a  diet  consistiDg  of  leguminouB 
plaiite;  this  coinsiiles  with  the  observation  that  miirBh-giia  mny  be 
prodnced  by  a  fermentation  of  carbohydratea,  but  especially  of  cel- 
lulose {Hoppe-Seyler,  Tappenter).  Such  an  origin  of  marsb- 
gaa,  especially  in  herbivora,  is  to  be  expected.  A  small  part  of  the 
niai'sh-gas  and  carbon  dioiide  may  also  depend  oil  the  decomposition 
of  lecithin  (Hasebroek). 

Putrefaction  in  the  intestine  not  only  depends  npoii  the  com- 
position of  the  food,  but  also  upon  the  albuminous  secretions  and 
the  bile.  Among  the  conatitueuts  of  bile  which  are  changed  or 
decomposed,  we  have  not  only  the  pigments — produced  from  the 
bilirubin,  as  is  generally  assumed,  hydrobilirnbln  and  brown  pig- 
ments—but also  the  bile-acids,  esiiecially  taurocholic  acid.  Glyco- 
cholic  acid  is  more  stable  and  s  part  is  found  unchanged  in  the  ex- 
crement of  certain  animals,  whilu  taurocholic  acid  is  so  completely 
deoompOBod  that  it  is  entirely  absent  in  the  fceces.  In  the  foetus, 
in  whose  inteatlnal  tract  no  putrefaction  processes  occur,  we  find, 
on  the  contrary,  iindecompoaed  bile-acide  and  bile-pigments  in  the 
contents  of  the  intestine.  That  the  secretion  rich  in  albumin  is 
an  important  element  iu  putrefaction  in  the  intestine  follows  from 
the  fact  that  putrefaction  may  also  continue  during  fasting.  From 
the  observiitions  of  MiJLi.ER  on  Cetti  it  was  found  that  the  elimi- 
nation of  indican  during  hunger  rapidly  decreased  and  after  the 
third  day  of  starvation  it  had  entirely  disappeared,  while  the  phenol 
elimination,  which  at  first  decreased  so  that  il  was  nearly  minimum, 
increased  again  from  the  fifth  day  of  Etarvution  and  on  the  eighth 
or  ninth  day  it  was  three  to  seven  times  as  much  as  in 
under  ordinary  circumstances.  In  dogs,  on  the  contrary,  the  elimi- 
nation of  indican  duriug  starvation  is  considerable,  but  the  phenol 
elimination  is  minimnm.  Among  the  secretions  which  undergo 
putrefaction  in  the  intestine,  the  pancreatic  juice,  which  putrifies 
most  readily,  takes  first  place.  Pisenti  found,  in  his  experiments 
on  dogs,  that  the  elimination  of  indican  by  the  urine  greatly 
diminished  after  tying  the  pancreatic  passages,  but  that  it  increased 
again  when  the  animal  was  given  pancreas  peptones  or  pancreatic 
juice. 

From  the  foregoing  facts  we  conolnde  that  the  products  formed 
by  the  putrefaction  in  the  intestine  are  in  part  the  same  as  thoee 
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formed  by  digestion.  The  putrefaction  may  be  of  benefit  to  the 
orgiiniBm  so  far  us  the  formation  of  such  products  as  alburaoseB, 
peptones,  and  perhaps  also  certain  aiiiido-acids  is  concei-ned.  On 
the  conti-ary,  the  formation  of  furtlier  splitting  products  is  to  be 
considered  as  a  losa  of  valuable  material,  and  it  is  tiierefore  impor- 
tant that  putrefaction  in  tlie  intestine  is  kept  within  certain 
limits.  If  an  animal  is  killed  while  digeetion  in  tlie  intestine  is 
going  on,  the  contents  of  the  small  intestine  give  out  a  peculiar 
bnt  not  putrescent  odor.  Also  the  odor  from  the  contents  of  the 
large  intestine  is  far  leas  offensive  than  a  putrefying  pancreas  in- 
fusion or  a  putrefying  mixture  rich  in  albumin.  From  this  we  may 
conclude  that  putrefaction  in  tho  intestine  is  ordinarily  not  nearly 
so  intense  as  outside  of  the  organism. 

It  seems  thus  to  be  provided,  under  physiological  conditions, 
that  putrefaction  shall  not  proceed  too  far,  and  the  factors  which 
here  come  under  consideration  are  probably  of  different  kinds. 
Absorption  ia  one  of  the  more  important  of  them,  and  it  has  been 
proved  by  actual  observation  that  the  putrefaction  increases,  as  a 
rule,  as  the  absorption  is  checked  and  fluid  masses  accumulate  in 
the  intestine.  The  character  of  the  food  also  has  an  unmistakable 
iufiuence,  and  it  eeems  as  if  a  large  quantity  of  carbohydrates  in 
the  food  acts  against  putrefaction  (IIirschler).  A  specially  strong 
action  tending  to  prevent  putrefaction  is  observed  in  the  bile.  This 
anti-putrid  action  does  not  occur  in  neutral  or  faintly-alkaline  bile, 
vhioh  itself  easily  putrefies,  but  in  the  free  bile-acids,  especially  in 
taurocholic  acid  (Maly  and  EuiCH,  Lii^dbergbk).  There  is  no 
question  that  the  free  bile-acids  have  a  strong  preventive  action  on 
pntrefaction  outside  of  the  organism,  and  it  is  therefore  ditEcult  to 
deny  such  an  action  in  tho  intestine.  Notwithstanding  this  the 
anti-putrid  action  of  the  bile  in  the  intestine  is  contradicted  by 
certain  investigators  {Voir,  Rohmann), 

Biliary  fistulas  have  been  introduced  so  as  to  study  the  impor- 
tance of  the  bile  in  digestion  (Schwann,  Blondlot.  Bidder  and 
ScBJnDT,  and  others).  As  a  result  it  has  been  observed  that  from 
fiitty  foods  an  imperfect  absorption  of  fat  regularly  takes  phice. 
and  the  excrements  contain,  therefore,  an  excess  of  fat  and  have  a 
light-gray  or  pale  color.  How  long  after  the  operation  the  deviu- 
tioB  from  the  normal  appears  depends  essentially  upou  the  char- 
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acter  of  the  food.  If  an  animal  is  fed  on  meat  and  fat,  then  the 
quantity  of  food  mnst  be  considerubly  increased  afiei'  the  operation, 
olherwisG  the  animal  wilt  become  very  thin,  and  indeed  die  with 
symptoms  of  starvation.  In  these  cases  the  excrements  have  the 
odor  of  carrion,  and  this  waa  considered  a  proof  of  the  action  of  the 
bile  in  checking  putrefaction.  The  emaciation  and  the  increased 
want  of  food  depend,  naturally,  upon  the  imperfect  absorption  of 
the  fats,  whose  high  calorific  value  is  reduced  and  must  be  replaced 
by  the  taking  up  of  larger  quantities  of  other  nutritive  bodies.  If 
the  quantity  of  proteida  and  fats  be  increased,  then  this  last,  which 
can  be  only  very  incompletely  absorbed,  accumulates  in  the  intes- 
tine. This  accumulation  of  the  fats  in  the  intestine  only  renders 
the  action  of  the  digestive  juices  on  proteids  more  difficult,  and 
these  last  increase  the  amount  of  putrefaction.  This  explains  the 
appearance  of  stinking  fieces,  whose  pale  coior  is  not  due  to  a  lack 
of  bile-pigments,  but  to  a  surplus  of  fat  (Rohmann,  Voit).  If 
the  animal  is,  on  the  contrary,  fed  on  meat  and  carbohydrates,  it 
may  remain  quite  normal,  and  the  leading  oS  of  the  bile  does  not 
cause  any  iucreased  putrefaction.  The  carbohydrates  may  be 
absorbed  unprevented  in  such  large  quantities  that  they  replace  the 
fat  of  the  food,  aod  this  is  the  reason  why  the  animal  on  such  a 
diet  does  not  become  emaciated.  If  with  this  diet  the  putrefaction 
in  the  intestine  is  no  greater  than  under  normal  conditions  even 
though  the  bile  is  absent,  it  would  seem  that  the  bile  in  the  intes- 
tine exercise  no  preventive  action  on  putrefaction. 

We  must  remember,  however,  that  the  presence  of  free  acids 
counteracts  putrefaction,  and  further  that  the  carbohydrates  yield 
free  acids  by  acid  fermentation  within  the  intestine.  It  is  there- 
fore conceivable,  that  to  the  carbohydrates,  which,  according  to 
UiBSCELER,  are  ciipable  of  checking  putrefaction  without  entering 
into  an  acid  fermentation,  the  antiseptic  action  of  the  bile  is  due. 
It  cannot  be  denied  that  the  bile  under  ordinary  conditions,  with  a 
mixed  diet  deficient  in  carbohydrates,  has  a  preventive  action  on 
the  putrefaction  in  the  intestine.  LiMBOCRn  has  shown  that  it 
acts  ill  an  antiseptic  sense,  bo  that  the  decay  of  the  proteids,  giv- 
ing rise  to  simpler  products  less  valuable,  or  perhaps  even  injurious, 
in  the  organism,  are  chocked. 

Although  the  question  how  the  putrefactive  processes  in  the 
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intestine   nnder  physiological  conditions  are  kept  within  certain 

limits    cannot  be  answered  positively,   still  it  may  be  asserted 

that    the  acid   reaction    of   the    npper    parts    of    the    intestine 

and  the  absorption  of  water  in  the  lower  parts  are  important 
factors. 

Ezerementt.  It  is  evident  that  the  residae  which  remains  after 
completed  digestion  and  absorption  in  the  intestine  mast  be  differ* 
ent,  both  qualitatively  and  quantitatively,  according  to  the  variety 
and  quantity  of  the  food.  In  man  the  quantity  of  excrement  from 
a  mixed  diet  is  120-150  grms.,  with  30-37  grros.  solids,  per  24 
hours,  while  the  quantity  firom  a  vegetable  diet,  according  to  Vorr, 
was  333  grms.,  with  75  grms.  solids.  With  a  strictly  meat  diet  the 
excrements  are  scanty,  pitch-like,  and  colored  nearly  black  by 
haematin  and  iron  sulphide.  The  scanty  excrements  in  starvation 
have  a  similar  appearance.  A  large  quantity  of  coarse  bread  yields 
a  great  amount  of  light-colored  excrement.  If  there  is  a  large 
proportion  of  fat,  it  takes  a  lighter,  clayey  appearance.  The  decom- 
position products  of  the  bile-pigments  seem  to  play  only  a  small 
part  in  the  normal  color  of  the  faeces. 

The  constituents  of  the  fseces  are  of  different  kinds.  We  find 
in  the  excrements  digestible  or  absorbable  constituents  of  the  food, 
such  as  muscular  fibres,  connective  tissues,  lumps  of  casein,  grains 
of  starch,  and  fat  which  have  not  had  sufficient  time  to  be  com- 
pletely digested  or  absorbed  in  the  intestinal  tract.  In  addition 
the  excrements  contain  indigestible  bodies,  such  as  remains  of 
plants,  keratin  substances,  nuclein,  and  others;  also  form-elements 
ori^nuting  from  the  mucous  coat  and  the  glands ;  constituents  of 
tiie  different  secretions,  such  as  mucin,  cholalic  acid,  dyslysin,  and 
cliolesterin ;  mineral  bodies  of  the  food  and  the  secretions:  and 
lastly,  products  of  putrefaction  or  of  the  digestion,  such  as  skatol, 
indol,  volatile  fatty  acids,  lime,  and  magnesia  soaps.  Occasionally, 
also,  parasites  of  different  kinds  occur ;  and  lastly,  the  excrements 
contain  micro-organisms,  fungi  of  different  kinds,  sometimes  in 
such  large  quantities  that  the  chief  mass  of  the  excrements  seems 
to  consist  of  micro-organisms  (v.  Jaksch). 

The  reaction  of  the  excrements  is  very  changeable.  It  is  often 
^id  in  the  inner  part,  while  the  outer  layers  in  contact  with  the 
mucous  coat  have  an  alkaline  reaction.     In  nursing  infants  it  is 
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habitually  acid  (Weoscheideb).  The  odor  is  perhaps  chiefly  dae 
to  skatol,  which  was  first  foand  in  the  excrements  by  Brieoer, 
and  so  named  by  him.  ludol  and  other  substances  also  take  part 
in  the  production  of  odor.  The  color  is  ordinarily  lighter  or 
darker  brown,  and  depends  above  all  upon  the  nature  of  the  food. 
Medicinal  bodies  may  give  the  faeces  an  abnormal  color.  The  ex- 
crements are  colored  black  by  iron  and  bismuth,  jpUow  by  rhubarb, 
and  green  by  calomel.  This  last-mentioned  color  was  formerly 
accounted  for  by  the  formation  of  a  little  mercury  sulphide,  but 
now  it  is  said  that  calomel  checks  the  putrefaction  and  the  decom- 
position of  the  bile-pigments,  so  that  a  part  of  the  bile-pigments 
pass  into  the  fseces  as  biliverdin.  According  to  Lesage,  a  green 
color  of  the  excrements  in  children  is  caused  partly  by  biliverdin  and 
partly  by  a  pigment  produced  from  a  bacillus.  In  the  yolk-yellow 
or  greenish-yellow  excrements  of  nursing  infants  we  can  detect 
bilirubin.  Neither  bilirubin  nor  biliverdin  seems  to  exist  in  the 
excrements  of  mature  persons  under  normal  conditions.  On  the 
contrary,  we  find  stebcobilin  (MASitrs  and  Vanlaib),  which,  ac- 
cording to  certain  investigators,  is  identical  with  hydrobilirubin 
(Maly),  which  is  obtained  from  bilirubin  by  a  reduction  process, 
and  urobilin  (Jaffb) — a  view  contested  by  MacMunn.  Bilirubin 
may  occur  in  pathological  cases  in  the  faeces  of  mature  persons. 
It  has  been  observed  in  a  crystallized  state  (as  hsematoidin)  in  the 
faeces  of  children  as  well  as  of  grown  persons  (Uffelmann,  v. 
Jaksch). 

The  absence  of  bile  (acholic  faeces)  causes  the  .excrements  to 
have,  as  above  stated,  a  gray  color,  due  to  large  quantities  of  fat; 
this  may,  however,  be  partly  attributed  to  the  absence  of  bile-pig- 
ments. In  these  cases  a  large  quantity  of  crystals  has  been  ob- 
served (Gerhabdt,  v.  Jaksch)  which  consist  chiefiy  of  magnesia 
soaps  (Oesteblen)  or  sodium  soaps  (Stadelmann).  Hemorrhage 
in  the  upper  parts  of  the  digestive  tract  yields,  when  it  is  not 
very  abundant,,  a  dark-brown  excrement,  due  to  haematin. 

£xcRETiN,  so  named  by  Mabcet,  is  a  crystalline  bodv  occurring  in 
human  excrement,  but  whieb,  according  to  Hoppb-Setleb,  is  perhaps  only 
impure  cholesterin.  Excrbtolic  acid  is  the  name  given  by  Mabcet  to  a 
body  similar  to  oil  and  with  an  excrementiteous  odor. 

In  consideration  of  the  very  variable  composition  of  excrements  their 
quantitative  analyses  are  of  little  value  and  therefore  will  be  omitted. 
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Heconium  is  a  durk  browDiBb-green,  pitchy,  tnoetly  acid  mass 
without  any  Btrong  odor.  It  cootsiUB  greenish -colored  epithelium 
cellB,  cell -detritus,  numerous  fat-giobules,  and  cboleeteriD  plates. 
The  amount  of  water  and  solids  is  respectively  720-800  and  280- 
300  p.  m.  Among  the  solids  we  find  mucin,  bile-pigmeots  and 
bile-«cids,  choleaterin,  fata,  soaps,  calcium  and  mugueHium  phos- 
phates. Sugar  aad  lactic  acid,  albuminous  bodies  (?)  and  peptonuSf 
also  leucio  and  tyrosin  and  the  other  products  of  putrefaction 
occurring  in  the  intestine  are  absent.  Meconium  may  contain 
undecomposed  taurocholic  acid,  bilirubin  and  biliverdin,  but  It 
does  not  contain  any  hydrobilirubin,  which  is  considered  as  proof 
of  the  non-existence  of  putrefactive  processes  in  the  digestive  tract 
of  the  fcetus. 

In  medico-legal  cases  it  is  sometimes  necessary  to  decide  whether 
spotB  on  linen  or  other  substances  are  caused  by  meconium.  In 
such  cases  wo  have  the  following  conditions.  The  spot  caused  by 
meconium  has  a  brownish -green  color  and  can  he  easily  separated 
from  the  material  because,  on  account  of  the  ropy  property  of  the 
meconium,  it  is  difficult  to  wet  through.  When  moistened  with 
water  it  does  not  develop  any  special  odor,  but  on  warming  with 
dilute  sulphuric  acid  it  has  a  somewhat  fetid  odor.  It  forms  with 
water  a  slimy,  greenish-yellow  liquid  containing  brown  flakes.  The 
solution  gives  with  an  excess  of  acetic  acid  an  insoluble  precipitate 
of  mucin  ;  on  boiling  it  does  not  coagulate.  The  filtered,  watery 
extract  gives  Gmelis'b.  but  still  better  Huppebt's,  reaction  for 
bile-pigments.  The  liquid  precipitated  by  an  excess  of  milk  of 
lime  gives  a  nearly  colorless  nitrate,  which  after  concentration  gives 
Pkttenkofer'9  reaction. 

The  eonlenh  of  the  intestine  vnder  abnormal  conditions  are  per- 
haps less  the  subject  of  chemical  analysis  than  of  an  inspection  or 
microscopical  investigation.  On  this  account  the  question  as  to 
the  properties  of  tiie  contents  of  the  intestine  in  different  diseases 
cannot  be  thoroughly  treated  here.  The  question  as  to  the  differ- 
ent processes  which,  so  far  as  they  are  dependent  on  secretion  and 
absorption,  cause  an  abnormal  consistency,  a  thinning  of  the  excre- 
ments, possesses  a  certain  interest.  Such  excrements  may  in  part  be 
produced  by  arrested  absorption  of  liquid  from  tJie  intestine  for 
some  reason  or  other,  and  in  part  caused  by  an  increased  secre- 
tion or  a  transudation  of  liquids  into  the  intestine. 
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A  diminished  absorption  (of  water)  may  be  caused  by  a  more 
active  movement  of  the  intestine^  which  causes  their  contents  to 
pass  quickly^  and  in  this  way  the  action  of  laxatives  is  often  ex- 
plained. A  diminished  absorption  may  also  be  due  to  a  decreased 
activity  of  the  absorbing  cells.  In  absorption^  which  is  generally 
accepted  to-day,  the  cells  of  the  mucous  coat  take  an  active  part^ 
and  anything  which  acts  disturbingly  on  the  protoplasm  of  these 
cells  must  also  exercise  an  influence  on  the  absorption.  This  con- 
dition with  regard  to  the  action  of  laxatives  has  been  especially 
noted  by  Hoppe-Seyler.  According  to  him,  it  is  also  probable 
that  such  laxatives,  of  which  only  traces  are  required  for  absorption, 
by  a  direct  action  on  the  intestinal  epithelium — whether  the  absorp- 
tion is  made  more  difficult,  or  a  transudation  made  possible,  or 
whether  the  action  of  these  two  is  simultaneous — cause  watery 
evacuations.  According  to  Rohmank,  concentrated  salt  solutions 
act  by  a  decreased  absorption  activity. 

A  thin  evacuation  may  be  produced  by  an  increased  elimination 
of  fluid  into  the  intestine,  and  there  are  many  investigators  who 
consider  it  positively  proved  that  a  transudation  of  liquid  into  the 
intestine  is  caused  by  the  action  of  saline  laxatives. 

The  character  of  the  intestinal  epithelium  is  undoubtedly  an 
important  factor  in  the  production  of  such  a  transudation,  and 
when  this  is  caused  by  the  saline  laxatives  it  probably  is  produced 
by  action  on  the  epithelium.  We  must  admit  with  Hoppe-Setleb 
and  other  investigators  that  the  most  important  regulator  of  the 
flow  of  liquid  through  the  intestinal  mucous  membrane  is  the 
intestinal  epithelium.  It  is  the  epithelium  which  renders  possible 
the  stream  of  fluid  contrary  to^  the  laws  of  osmose,  and  which 
under  normal  conditions  prevents  a  transudation  into  the  intes- 
tines. Bodies  which  affect  the  epithelium  may  therefore  cause  a 
transudation,  and  this  is  found  to  be  especially  abundant  after 
ejection  of  the  intestinal  epithelium.  The  most  striking  example 
of  this  is  observed  in  Asiatic  cholera,  in  which  the  epithelium  is 
largely  expulsed  and  an  extraordinarily  abundant  transudation 
takes  place. 
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Appendix.     Intestinal  Concrementi. 

Calculi  occnr  very  seldom  in  human  intestine  or  in  the  intestine 
of  caniivora,  but  they  are  quite  common  in  herblvora.  Foreign 
bodies  or  indigested  residues  of  food  may,  when  for  some  reason  or 
other  they  are  retained  in  the  intestine  for  some  time,  become 
iucrusted  with  salts,  especially  ummonium-magneaium  phosphate 
or  raagneaium  phosphate,  and  these  salts  form  usually  the  chief 
constituent  of  the  coucreraents.  In  man  tliey  are  sometimes  oval 
or  round,  yellow,  yellowish-gray,  or  brownish- gray,  of  variable  size, 
consisting  of  concentric  Ia3'er8  and  containing  chiefly  ammonium- 
magnesium  phosphate,  culcium  phosphate,  besides  a  small  quantity 
of  fat  or  pigment.  The  nucleus  ordinarily  consists  of  some  foreign 
body,  such  as  the  stone  of  a  fruit,  a  fragment  of  bone, or  something 
similar.  In  those  countries  whore  bread  made  from  oat-brau  is  an 
important  food,  we  often  find  in  the  large  intestine  balls  similar 
to  the  so-called  hair-balls  (see  below).  Such  calculi  contain  calcium 
and  magnesium  phosphate  (about  70;^),  oat-bran  (15-18^),  soaps 
and  fat  (about  10*),  Concretions  which  contain  very  much  (about 
74;^)  fat  occur  seldom,  and  those  consisting  of  fibrin  clots,  sinews, 
or  pieces  of  meat  incrusted  with  phosphates  are  also  rare. 

Intestinal  calculi  occur  often  in  animals,  especially  in  horses  fed 
on  brau.  These  calculi,  which  attain  a  very  large  size,  are  hard 
and  heavy  (aa  much  as  8  kilos)  and  consist  in  great  part  of  concen- 
tric layers  of  ammonium -magnesium  phosphate.  Another  variety 
of  concrements  which  occurs  in  horses  and  cattle  consists  of  gray 
colored,  often  very  large,  but  relatively  light  stones  which  contain 
plant-remains  and  earthy  phosphates.  Stones  of  a  third  variety 
are  sometimes  cylindrical,  sometimes  spherical,  smooth,  shining, 
brownish  on  tlic  surface,  consisting  of  matted  hairs  and  plant- 
fibres,  and  termed  fiair-balh.  The  so-called  "  j.qaouopila,"  which 
probably  originate  from  the  ANTiLOPca  RrpiCAPEA,  belong  to  this 
group,  and  they  are  generally  considered  aa  nothing  else  than  the 
hair-balls  of  cattle. 

The  so-called  oriental  bezoar-stone  belongs  also  to  the  intestinal 
concrements,  and  probably  originates  from  the  capba  ^oaorus 
and  AKTlLOPE   DORCAS.     We  may  have  two  varietiee  of  bezoar- 


DIGESTION.  22f7 

stones.  One  is  olive-green^  faintly  shining,  formed  of  concentric 
layers.  On  heating  it  melts  with  the  development  of  an  aromatic 
odor.  It  contains  as  chief  constituent  lithofellic  acid,  C^R^fi^ , 
which  is  related  to  cholalic  acids,  and  besides  this  a  bile-acid, 
LiTHOBiLic  ACID.  The  others  are  nearly  blackish  brown  or  dark 
green,  very  glossy,  consisting  of  concentric  layers,  and  do  not  melt 
on  heating.  They  contain  as  chief  constituent  ellagic  acid,  a  de* 
rivative  of  tannic  acid,  of  the  formula  CuHeOs,  which  gives  a  deep 
blue  color  with  an  alcoholic  solution  of  ferric  chloride.  This  last- 
mentioned  bezoar-stone  originates,  to  all  appearances,  from  the 
food  of  the  animal.' 

AmbeiyriB  is  generally  considered  an  intestinal  concrement  of  the  sperm- 
whale.  Its  chief  constituent  is  ambbain,  which  is  a  non-nitrogenious  sub- 
stance perhaps  related  to  cholesterin.  Ambrain  is  insoluble  in  water  and  Is 
not  changed  by  boiling  alkalies.    It  dissolves  in  alcohol,  ether,  and  oils. 

VI.  Absorption. 

In  discussing  the  absorption  processes  we  must  treat  of  the 
form  into  which  the  different  foods  are  transformed  before  absorp- 
tion, of  the  manner  in  which  this  is  accomplished,  and,  lastly,  of  the 
force  which  acts  in  these  processes. 

Starch  and  the  other  carbohydrates  are  chiefly  absorbed  as  sugar, 
in  part  also  as  organic  acids  (lactic  acid),  and  perhaps  in  small 
quantities  as  dextrin.  Fats  may  indeed  bo  partly  absorbed  as 
soaps;  still  the  quantity  absorbed  in  this  way  is  very  small  compared 
with  that  absorbed  as  an  emulsion.  Emulsion  is  undoubtedly  the 
most  important  form  under  which  fat  is  absorbed,  and  the  neutral 
fats,  also  the  free  fatty  acids,  are  emulsified  when  they  occur  in 
large  quantities  in  the  intestines. 

Peptone,  as  above  stated,  is  the  final  product  of  the  digestion  of 
albuminous  bodies.  Now  as  peptone  is  a  very  soluble  and  a  rela- 
tively easily  diffusible  modification  of  proteids,  it  is  not  difficult  to 
admit  the  deduction  that  proteids  must  be  changed  into  peptone 
in  order  that  it  may  be  readily  absorbed.  Certain  observations  of 
FuNKES  on  animals  confirm  this  view.  He  found  in  an  untied 
intestinal  knot  of  a  living  animal  that  the  peptone  (in  the  old 
sense  of  the  word)  was  absorbed  considerably  faster  than  other 
proteids.    There  is  also  no  doubt  that  a  part  of  the  proteids  is 
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correctly  perhapii  as  albiimoses  and  peptones.  But  it  baa  been 
positively  settled  by  the  investigations  of  Bkuckb,  Bauer  aod 
VoiT,  EiCBHOBST,  CzERNY  ami  Latschenberger,  that  peptonized 
albumin,  casein,  myosin,  and  alkali  albuminates  cannot  be  ab- 
sored  from  tbe  intestines — a  matter  whieh  is  of  practical  import- 
ance, especially  with  regard  to  tbe  nutritive  clysters.  If  the 
albumin  can  be  absorbed  partly  as  such  and  partly  as  peptone,  then 
the  question  arises,  how  much  more  can  it  be  absorbed  in  one  form 
than  in  the  other  ?  This  question  cannot  be  decisively  answered. 
The  investigations  by  Schmidt-Mulheim  of  the  contents  of  the 
stomach  and  intestine  of  dogs  show  that  the  stomach  contains  a 
considerably  larger  amount  of  peptone  than  of  simple  dissolved 
proteids,  which  seems  to  indicate  that  the  greatest  part  of  the  pro- 
teids  is  absorbed  as  peptones  (or  alburaoses). 

The  soluble  salts  are  also  absorbed  with  the  water.  The  albu- 
min and  peptone  which  can  dissolve  a  considerable  quantity  of 
salts  Insoluble  in  alkaline  water  are  of  great  importance  in  the  ab- 
sorption of  such  salts. 

The  soluble  constituents  of  the  digestive  secretions  may,  like 
other  dissolved  bodies,  be  absorbed,  as  is  demonstrated  by  the  pa»- 
Bttge  of  peptone  into  urine  ;  the  enzymes  may  also  be  absorbed. 
The  occurrence  of  urobilin  in  urine  attests  to  tbe  absorption  of  the 
bile-constituents  under  physiological  conditions  notwithstanding 
that,  according  to  certain  investigators  (MacMunn),  it  is  not 
identical  with  hydrobilirubin.  and  contrariwise,  according  to  the 
obserTations  of  Copeman  and  Wixstok  on  a  woman  with  a  biliary 
fistula,  it  also  occurs  in  the  urine  when  no  bile  comes  into  the 
intestine.  Thf)  question  as  to  the  occurrence  of  very  faint  traces 
of  bile-acids  in  normal  urine  is  also  contradicted,  and  from  the 
behavior  of  tbe  nrine  it  is  therefore  difficult  to  draw  any  positive 
conclusion  as  to  a  pouiible  absorption  of  the  bile-constituents  from 
the  intestine.  On  the  other  hand,  the  absorption  of  bile-aclde 
from  the  intttstine  Keems  to  be  established  by  other  observations. 
Tappbisek  introdacod  a  solution  of  bile-acid  salts  of  a  knovni 
concentration  into  an  untied  intestinal  knot,  and  after  a  time 
investigated  the  contents.  He  found  that  in  the  jejunum  and  the 
ileum,  but  not  in  the  duodenum,  an  absorption  of  bile-acids  took 
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place,  and  further  that  of  the  two  bile-acida  only  the  glyoooholio 
acid  was  absorbed  in  the  jejunum.  Further,  Schiff  long  ago 
expressed  the  opinion  that  bile  undergoes  an  intermediate  circula- 
tion, in  such  wise  that  it  is  absorbed  from  the  intestine,  then 
carried  to  the  liver  by  the  blood,  and  lastly  eliminiited  from  the 
blood  by  this  organ.  Although  this  view  has  met  with  some  oppo- 
sition, still  its  correctness  seems  to  be  established  hy  the  researches 
of  Tarious  investigators,  and  more  recently  by  Frevost  and  Binet, 
at  least  to  the  extent  that  after  the  introilnction  of  foreign  bile 
into  the  intestine  of  an  animal  the  foreign  biie-acids  appear  again 
in  the  secreted  bite. 

There  are  two  possible  ways  in  which  the  absorbed  bodies  may 
enter  the  blood-stream.  They  may  pass'  into  the  blood  through 
the  chylous  vessels  and  the  thoracic  duct  indirectly,  or  they  may, 
after  they  have  passed  the  intestinal  epithelium,  pass  into  the 
hlood-capillaries  of  the  Tillous  membranes  and  so  directly  into  the 
blood.  By  the  investigations  of  LuDwio  and  his  pupils,  RoHfiia, 
Zawilsky,  v.  Merino  and  Schmidt-Mulheim,  as  well  as  by  those 
of  Heidenhain  and'hia  pupils,  it  has  now  been  proved  that  the 
fat  is  driven  throiigb  the  chylous  vessels  and  the  thoracic  duct  to 
the  blood,  whilp  on  the  contrary  tlie  bodies  soluble  in  water,  such  as 
sugar  and  salts,  are  taken  up  by  the  blood  of  the  capillaries  of  the 
villous  membraue  and  in  this  way  pass  into  the  blood.  The  reason 
why  the  dissolved  bodies  do  not  pass  into  the  chylons  vessels  in 
larger  quantities  ie  explained  by  Heidenhain'  to  lie  in  the  anatomi- 
cal situation, — the  arrangement  of  the  capillaries  close  nnder  the 
lityer  of  epithelinm.  Ordinarily  these  capillaries  find  the  necessary 
time  for  the  taking  up  of  the  water  and  the  solids  dissolved  in  it. 
But  when  a  large  quantity  of  liquid,  such  as  a  sugar  solution,  is 
introduced  into  the  intestine  at  once,  this  is  not  possible,  and  in 
these  cases  a  part  of  the  dissolved  bodies  pass  into  the  chylous 
vessels  and  the  thonicic  duct  (Qihsberq  and  Rohmann). 

The  question  of  the  absorption  of  the  peptones,  albeit  in  most 
cases  these  have  not  been  differentiated  from  albnmoses,  has  beeo  ^ 
the  subject  of  numerous  investigations.     LuDwio  and  Scbmidt-I 
MuLTiEiM  tied  the  jugular  and  humeral  arteries   and  lymphatio 
vessels  of  both  sides  of  a  dog  so  that  the  section  showed  later  a 
complete  cutting  off  of  the  chyle  from  the  blood-circulation.     They 
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found  that  the  absorption  of  proteids  from  the  intestine  was  not 
influenced  thereby,  and  from  this  concluded  that  the  proteids  as 
well  as  the  other  nntritive  bodies  soluble  in  water  pass  directly 
into  the  blood  through  tho  walla  of  the  Jnteatinol  capillaries.  If 
this  were  the  case,  then  we  might  expect  to  find  peptone  in  solution 
in  the  blood  during  or  after  digestion.  This,  however,  is  not  the 
case.  ScHMiDT-MuLBBiM  and  Hofmeisteb  found  only  traces  of 
peptone  in  Berum  or  blood,  and  according  to  Necueister  it  does 
not  occur  even  as  traces.     Chyle  does  not  uontain  any  peptone. 

Then  where  does  the  peptone  which  is  absorbed  from  the 
intestine  remain?  If  peptone  in  solution  is  introduced  into  the 
circnlating  blood,  it  is  quickly  eliminated  therefrom  with  the  urine 
(Plos'z  and  Gyekgtai,  Hofmeister,  Schmidt-Mulheim).  The 
same  happens  also  after  injecting  pejitone  subcutaueously.  Nor- 
mal urine  does  not  contain  any  peptone,  and  the  absence  of  this 
body  in  the  biood  after  digestion  cannot  be  explained  by  assuming 
that  it  is  eliminated  by  the  kidneys.  Since  the  peptone  introduced 
into  the  blood  is  quickly  eliminated  by  the  kidneys,  while  the 
peptone  formed  in  the  intestine  does  not  pass  into  the  urine,  it 
may  perhaps  be  thonght  that  this  peptone  is  retained  normally  by 
the  liver  and  is  absorbed,  and  only  that  peptone  which  finds  its 
way  into  the  circulating  blood  by  evasion  from  this  organ  passes 
into  the  urine.  This  supposition,  however,  is  untenable,  Neu- 
MEIBTER  has  investigated  the  portal  blood  of  rabbits  in  whose 
stomachs  large  quantities  of  albumoacs  and  peptones  had  been 
introduced,  and  found  therein  only  traces  of  the  body  in  question. 
He  has  also  shown  that  wlien  we  supply  the  liver  of  a  dog  with 
the  portal-blood  peptone  (ampho-peptone),  tliis  is  not  retained  by 
the  liver  but  is  eliminated  with  the  urine.  Peptone  seems  to  pass 
neither  into  the  blood  nor  the  chylous  vessels,  but  to  be  changed 
in  some  way  by  the  walls  of  the  intestine.  Hofmeister,  according 
to  whom  the  walla  of  the  stomach  and  the  intestine  are  the  only 
parts  of  the  body  in  which  peptones  occur  constantly  during  diges- 
tion, has  also  made  the  observation  that  peptone  (at  the  tempera- 
ture of  the  body)  after  a  time  disappeared  from  the  excised  but 
apparently  still  living  mucous  coat  of  the  stomach.  Peptone  seems 
to  undergo  a  change  in  the  mucous  membrane  of  the  digestive 
eaniil,  and  the  following  observation   of   Ludwig   and   Salvioli 
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bears  out  that  assumption.  These  investigators  introduced  a 
peptone  solution  into  a  doubly-tied,  removed  knot  of  the  small 
intestine  which  was  kept  active  by  passing  through  defibrinated 
blood,  and  observed  that  the  peptone  disappeared  from  the  intes- 
tine, but  that  the  blood  passing  through  did  not  contain  any  pep« 
tone. 

If,  then,  peptone  already  disappears  in  the  mucous  coat,  or  at 
least  in  the  walls  of  the  digestive  tract,  the  question  naturally 
arises,  what  becomes  of  the  peptone  in  the  mucous  membrane  ? 
The  experiments  of  Maly,  Plos'z  and  Qybrqyai,  Adamkiewicz, 
ZuNTZ  and  Pollitzeb  have  established  that  the  albumoses  and 
peptones  may  be  substituted  for  albumin  in  the  food,  and  may  also 
be  converted  into  ordinary  albumin.  We  must  then  assume  that 
peptone  is  already  converted  into  albumin  in  the  mucous  mem- 
brane of  the  digestive  canal. 

According  to  Hofmbister,  a  considerable  increase  of  leucocytes 
occurs  in  the  adenoid  tissues  during  digestion,  an  observation 
which  is  in  close  accord  with  that  of  Pohl,  who  found  that  in 
dogs  kept  on  an  albuminous  diet  the  venous  blood  of  the  intestine 
contains  more  leucocytes  than  the  arterial  blood.  According  to 
EoFMEiSTEB,  leucocytcs  play  an  important  part  in  the  absorption 
and  assimilation  of  the  peptones.  They  may  take  up  the  peptones 
and  be  the  means  of  transporting  them  to  the  blood,  and  secondly 
by  their  growth,  regeneration,  and  increase  may  stand  in  close  rela- 
tion to  the  transformation  and  assimilation  of  the  peptones. 
Heidekhain,  who  considers  that  the  transformation  of  peptone 
into  albumin  in  the  mucous  membrane  is  positively  settled,  does 
not,  attribute  so  great  an  importance  to  these  last  in  the  absorption 
of  the  peptones  as  Hofmeisteb,  chiefly  on  the  ground  of  equaliza- 
tion of  the  quantity  of  absorbed  peptones  and  leucocytes.  He  con- 
siders it  most  probable  that  the  reconversion  of  the  peptones  into 
albumin  takes  place  in  the  epithelium  layers. 

Little  is  known  concerning  the  forces  taking  part  in  absorption. 
Osmose  and  filtration  were  formerly  considered  as  the  most  impor- 
tant factors.  But  as  in  regard  to  the  peptones,  whose  formation 
in  the  digestion  was  considered  as  taking  place  especially  in  the 
interest  of  a  facilitated  osmosis  and  filtration,  but  whose  conditions 
have  been  found  quite  different  and  much  more  complicated,  so  in 
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the  abeoiptioD  theory  there  ia  a  still  greater  contrast  between 
former  and  present  views,  the  lutter  inclining  to  the  theory  that 
absorption  is  a  process  connected  with  the  vital  properties  of  the 
cells.  Investigjitioiia  in  this  dii'ection  hiive  been  made  hy  Heiden- 
Bain  and  his  pupils,  Uohhann  and  Ouuilewbhy;  and  these 
investigations  have  shown  that  the  ciiUs  take  an  active  part  iii  the 
absorption,  and  that  this  action  is  independent  of  the  processes 
caused  by  an  uucquiil  difEusibility  of  tli«  diSerent  bodies.  For 
example,  in  a  solution  which  contains  equal  quantities  of  grape- 
sDgar  and  sodiani  sulphate  the  sugar  will  be  almost  completely 
absorbed  in  a  curtain  time,  while  the  salt,  which  has  the  greater 
diffusibility,  still  remains  in  considerable  amonnts  in  the  intestine. 
Certain  coloring  matters  are  not  absorbed,  and  the  cells  seem  to 
have  the  property  of  discriminating  between  the  different  sub- 
stances. The  absorption  of  dissolved  bodies  seems  to  be  connected 
with  a  specific  activity  of  the  living  cell,  the  living  protoplasm. 

In  the  absorption  of  bodies  not  dissolved,  of  the  emuisified  fate 
forces  take  part  which  are  not  known.  That  the  bile  performs 
the  most  importiint  part  in  the  absorption  of  fats  is  very  generally 
admitted,  but  how  the  biie  acts  in  this  process  is  not  yet  deter- 
mined. V.  AViSTiNGHAUSEN  lias  found  that  fat  rises  higher  in  a 
capillary  tube  when  it  has  been  moistened  with  bile  than  whea 
with  water,  and  further  that  0uid  fat  filters  more  easily  through  a 
dead  membrane  dipped  in  bile  than  when  dipped  in  water.  From 
these  observations,  whose  correctness  has  lately  been  disputed  by 
Oad  and  Groper,  the  inference  has  been  drawn  that  bile  facilitates 
the  capillary  attraction  and  thereby  accelerates  the  absorption  of  the 
fata.  The  epithelium  layer  of  the  intestinal  mucous  membrane 
cannot  be  compared  with  a  dead  membrane  soaked  in  water,  and  it 
is  therefore  doubtful  if  the  above-mentioned  action  of  bile  can  have 
any  inftaeuco  on  the  absorption  of  fats  in  the  intestine.  That  the 
absorption  of  fats  ia  caused  by  the  lyraphoidal  migratory  cells 
(Zawarvkin,  Sch^ffer)  is  disputed  by  Grcenhaqen  and 
Hbidbnhais.  According  to  them,  the  fat  takes  its  way  chiefly 
through  the  epithelium  cells.  How  these  last  act  is,  like  the 
.  nature  of  the  actioa  in  absorption,  enveloped  in  darkness. 


CHAPTER  VIII. 
TISSUES  OP  THE  CONNECTIVE  SUBSTANCE. 

I.  The  Connective  Tissues. 

The  form-elements  of  the  typical  connective  tissues  are  cells  of 
yarions  kinds,  of  a  not  very  well  known  chemical  composition,  and 
gelatine-yielding  fibrils.  Besides  these,  elastic  formations  are  often 
found  in  variable  amounts,  though  sometimes  in  such  predominant 
quantities  that  the  connective  tissue  passes  nearly  into  an  elastic 
tissue.  Mucin  is  also  found  in  the  connective  tissue,  serum 
globulin  and  serupi  albumin  occurring  in  the  parenchymatous  fluid 
(Loebisch).. 

If  finely-divided  tendons  are  extracted  in  cold  water,  the  albu- 
minous bodies  soluble  in  the  nutritive  fluid  in  addition  to  a  little 
mucin  are  dissolved.  If  the  residue  is  extracted  with  half-satu- 
rated lime-water,  then  the  mucin  is  dissolved  (Bollett,  Loebisch) 
and  may  be  precipitated  from  the  filtered  extract  by  saturating 
with  acetic  acid.  The  digested  residue  contains  the  fibrils  of  the 
connective  tissue  together  with  the  cells  and  the  elastic  substance. 

The  fibrils  of  the  connective-tissue  consist  of  collagen.  They 
are  elastic,  swell  slightly  in  water,  somewhat  more  in  diluted 
alkalies  or  acetic  acid,  but  on  the  other  hand  are  shrivelled  by 
the  action  of  certain  metallic  salts,  such  as  ferrous  sulphate  or 
mercuric  chloride,  and  by  the  action  of  tannic  acid,  which  forms 
with  collagen  an  insoluble  combination.  Among  these  combina- 
tions, which  prevent  the  putrefaction  of  collagen,  that  with  tannic 
acid  has  been  found  of  great  value  in  the  preparation  of  leather. 
In  regard  to  tendon  mucin  see  page  32,  and  in  regard  to  collagen, 
glutin,  and  elastin  see  pages  36-^8. 
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boiling  with  acids  it  yields  acid  albuminate^  peptone  substance, 
chondroitic  acid,  and  on  account  of  the  further  decomposition  of 
this  last  body  sulphuric  acid  and  a  reducing  substance  are  formed. 

Ghondromucoid  is  a  white,  amorphous,  acid-reacting  powder 
which  is  insoluble  in  water,  but  dissolves  easily  on  the  addition  of 
a  little  alkali.  This  solution  is  precipitated  by  acetic  acid  in  great 
excess  and  by  small  quantities  of  mineral  acids.  The  precipitation 
may  be  retarded  by  neutral  salts  or  by  chondroitic  acid.  The 
solution  containing  NaCl  and  acidified  with  HCl  is  not  precipitated 
by  potassium  ferrocyanide.  Precipitants  for  chondromucoid  are 
alum,  ferric  chloride,  sugar  of  lead  or  basic  lead  acetate.  Chon- 
dromucoid is  not  precipitated  by  tannic  acid,  and  it  may  by  its 
presence  prevent  the  precipitation  of  gelatine  by  this  acid.  It  gives 
the  usual  color  reactions  for  albuminous  bodies;  namely,  with 
nitric  acid,  with  copper  sulphate  and  alkali,  with  Millok's  and 
Adamkiewicz's  reagents. 

Chondroitic  Acid.  This  acid,  which  thus  far  has  not  been  ob- 
tained free,  but  as  acid  salts,  has,  according  to  Mobneb.  the  follow- 
ing composition  :  C  35.28,  H  4.68,  N  3.15,  S  6.33,  0  50.56  per  cent. 
On  boiling  with  dilute  hydrochloric  acid  all  the  sulphur  splits  off  as 
H2SO4 ,  and  a  reducing  substance  is  formed  at  the  same  time  whose 
nature  is  not  known. 

This  acid  (more  correctly  the  acid  alkali  salts)  appears  as  a 
white  amorphous  powder  which  dissolves  very  easily  in  water, 
forming  an  acid  solution  and  when  sufficiently  concentrated,  a 
sticky  liquid  similar  to  a  solution  of  gum  arable.  The  neutralized 
solution  is  precipitated  by  tin  chloride,  basic  lead  acetate,  neutral 
ferric  chloride,  and  by  alcohol  in  the  presence  of  a  little  neutral 
salt.  The  solution,  on  the  other  hand  is  not  precipitated  by  acetic 
acid,  tannic  acid,  potassium  ferrocyanide  and  acid,  sugar  of  lead, 
mercuric  chloride,  or  silver  nitrate.  Chondroitic  acid  does  not  give 
the  color  reactions  for  albuminous  bodies. 

Preparation  of  chondromucoid  and  chondroitic  acid.  If  very 
finely-cut  cartilage  is  extracted  with  water,  the  preformed  chon- 
droitic acid,  as  well  as  some  chondromucoid,  is  dissolved.  In  this 
watery  extract  the  chondroitic  acid  prevents  the  precipitation  of 
this  chrodromucoid  by  means  of  an  acid.  If  2-4  p.  m.  HCl  is 
added  to  this  watery  extract  and  warmed  on  the  water-bath,  the 
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cliondromucoid  gradually  aeparatea,  while  the  chondroitic  acid  asd 
the  rest  of  the  cliondromucoid  remain  in  the  filtrate.  If  the  car- 
tilage, which  b^  been  lisiviated,  at  the  temperature  of  the  body, 
■with  water,  is  eitracted  with  hydrochloric  acid  of  2-3  p,  m,  until 
the  collagen  is  converted  into  soluble  gelatine,  the  remaiuing  chon- 
dromucoid  may  be  removed  from  the  insoluble  reBidue  by  dilute 
■Ikali  and  precipitated  from  the  alkaline  extract  by  an  acid.  It 
may  be  purified  oy  repeatedly  rediBsoWing  iu  water  with  the  aid  of 
B  littio  alkali,  precipitating  by  an  acid  and  then  treating  with 
alcohol  and  ether. 

The  chondroitic  acid  originally  formed,  or  that  formed  by  the 
decomposition  of  chondromueoid,  is  obtained  by  lixiviating  the 
cartilage  with  a  5^  cauetic-alkali  solution.  The  alkali  albuminate 
lormed  by  the  decomposition  of  the  chondromueoid  can  be  re- 
moved from  the  solution  by  neutralization,  then  the  peptone 
precipitated  by  tannic  acid,  tlie  excess  of  this  acid  removed  with 
sugar  of  lead,  and  the  lead  separated  from  the  filtrate  by  H,S. 
If  further  purification  is  neceBsary,  the  acid  is  precipitated  with 
alcohol,  the  precipitate  dissolved  in  water,  this  solution  dialysed 
Knd  precipitated  again  with  alcohol,  this  dissolving  in  water  and 
precipitating  with  alcohol  being  repeated  a  few  times,  and  lastly  the 
Bcid  IS  treated  with  alcohol  and  ether. 

The  collagen  of  the  cartilage  gives,  according  to  Mornsr,  a 
gelatine  which  contains  only  16.4^  N  and  which  can  hardly  be 
eonstdercd  identical  with  ordinary  gliitin. 

On  the  above-mentioned  cartilages  of  full-grown  animals  the 
OhondroiUc  acid  and  chondromueoid,  perhaps  also  the  collagen, 
found  surrounding  the  cells  as  round  balls  or  lumps.  These 
IwUb  (Mobner's  chondrin-balh),  which  give  a  blue  color  with 
methyl-violet,  lie  in  the  meshes  of  an  albumoid  structure,  which  is 
Colored  when  brought  in  contact  with  Iropwolin. 

This  alhumoid  is  a  nitrogenized  body  which  contains  loosely- 
oombined  sulphur.  It  is  soluble  with  difficulty  iu  acids  and  alka- 
"lies.  and  resembles  keratin  in  many  respects,  but  differs  from  it  by 
being  soluble  in  gastric  juice.     In  other  respects  it  is  more  similar 

elastin,  bat  difiers  from  this  substance  by  containing  sulphur. 
This  albnmoid  gives  the  color  reactions  of  the  albuminous  bodies. 

The  preparation  of  cartilage-gelatine  and  albnmoid  may  be  per- 
formed according  to  the  followmg  method  of  Morxbr.     First  re- 
^^noTe  the  chondromueoid  and  chondroitic  acid  by  eitraction  wit!i 
'ilnte  caustic  potash   (0.2-0.5^),  remove  the  alkali  from    the  re- 
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maining  cartilage  by  water^  and  then  boil  with  water  in  a  Papin's 
digestor.  The  collagen  passes  into  solution  as  gelatine,  while  the 
albumoid  remains  undissolved  (contaminated  by  tne  cartilage-cells). 
The  gelatine  may  be  purified  by  precipitating  with  sodium  snl- 
phate,  which  must  be  added  to  saturation  in  the  faintly-acidified 
solution,  redissolving  the  precipitate  in  water,  dialyzing  well,  and 
precipitating  with  alcohol. 

According  to  Mobner,  no  albumt>id  is  found  in  young  car- 
tilage, but  only  the  three  first-mentioned  constituents.  Neverthe- 
less the  young  cartilage  contains  about  the  same  amounts  of  nitrogen 
and  mineral  substances  as  the  old. 

Hoppe-Seyleb  found  in  fresh  rib  cartilage  676.7  p.  m.  water, 
301.3  p.  m.  organic  and  22  p.  m.  inorganic  substance.  In  the 
cartilage  of  the  knee-joint  735.9  p.  m.  water,  248.7- p.  m.  organic 
and  15.4  p.  m.  inorganic  substance  have  been  found.  The  ash  of 
cartilage  contains  considerable  amounts  (even  800  p.  m.)  of  alkali 
sulphate,  which  probably  did  not  exist  originally  as  such,  but  is 
produced  in  great  part  by  the  calcining  of  the  chondroi tic  acid  and 
the  chondromucoid.  The  analyses  of  the  ash  of  cartilage  therefore 
cannot  give  a  correct  idea  of  the  quantity  of  mineral  bodies  exist- 
ing in  this  substance.  Petebsen  and  Soxhlet  have  found  940 
p.  m.  NaCl  in  the  ash  from  the  cartilage  of  a  shark,  and  such 
cartilage  can  scarcely  contain  quantities  of  chondromucoid  or  chon- 
droitic  acid  worth  mentioning.  The  cartilage  of  the  ray  {Raja 
batis  Lin.),  which  has  been  investigated  by  Lonnbebg,  contains 
no  albumoid  and  only  a  little  chondromucoid,  but  a  large  propor- 
tion of  chondroitic  acid  and  collagen. 

The  Cornea.  The  corneal  tissue,  which  is  considered  by  many 
investigators  to  be  related  to  cartilage  in  a  chemical  sense,  contains 
traces  of  albumin  and  a  collagen  as  chief  constituent,  which  G.  Th. 
Mobner  claims  contains  16.94^  N.  According  to  him  it  contains, 
a  mucoid  which  has  the  composition  C  50.16,  H  6.98,  N  12.8,  and 
S  2.05  per  cent.  On  boiling  with  dilute  acid  this  mucoid  yields 
a  reducing  substance. 

In  the  cornea  of  oxen  His  found  758.3  p.  m.  water,  203.8  p.  m. 
gelatin  forming  substance,  28.4  p.  m.  other  organic  substance, 
besides  8.1  p.  m.  soluble  and  1.1  p.  m.  insoluble  salts. 
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III.   Bone. 

The  bony  8tractar9  proper,  when  free  from  other  formationB 
occurring  in  bones,  such  aa  marrow,  nerves,  and  blood -veseels,  con- 
sistG  of  cells  and  a  basic  substunce. 

The  celhs  have  not  been  closely  studied  in  regard  to  their  chemi- 
cal  constitution.     On  boiling  with  water  they  yield   no  geJatiao. 
They  contain  no  keratin,  which  is  not  UBuaJly  present  in  the  bony  \ 
structure  {IIerbert  Smith),   but  they  may  contain  a  Bubstance  | 
which  is  similar  to  elostin. 

The  baeie  aulntance  of  the  bony  structure  contains  two  chief 
constituents,  namely,  an  organic  substance,  ossein,  and  the  so-called 
bone-earths  enclosed  in  or  combined  with  it.  If  bones  are  treated 
with  dilute  hydrochloric  acid  at  the  ordinary  temperature,  the  lime- 
ealta  are  dissolved  and  the  ossein  remains  as  an  elastic  mass,  pre- 
serving the  shape  of  the  bone.  This  ossein  is  generally  considered 
identical  with  the  collagen  of  the  connective  tissue.  The  ossein  in 
the  bones  of  certain  aquatic  fowls  and  fishes  can  hardly  be  consid- 
ered  identical  with  this  collagen  (Fremy). 

The  inorganic  coustitnenta  of  the  bony  etnicture,  the  so-called 
bone-eoTtks,  whicli  remain  after  the  complete  calcination  of  the 
organic  substance  aa  a  white,  brittle  mass,  consist  chiefly  of  calcium 
and  phosphoric  acid,  but  also  include  carbon  dioxide  and,  ia 
smaller  amounts,  magneaiiim,  chlorine,  and  fluorine.  Alkali  sul- 
phate and  iron,  which  are  found  in  the  bone-ash,  do  not  seem  to 
belong  exactly  to  the  bony  substance,  but  to  the  nutritive  fluids  or 
to  the  other  constituents  of  bones. 

The  opinions  of  investigators  differ  somewhat  as  to  the  manner 
in  which  the  mineral  bodies  of  the  bony  structure  are  combined 
with  each  other.  Chlorine  and  fluorine  are  present  in  the  same 
form  as  in  apatite  (CaFl,,  3Ca,PiO,),  Proceeding  from  the  chlorine 
and  fluoritic,  it  is  possible  that  the  other  mineral  bodies  form  the 
combination  3(Ca,P,0,)CaC0,. 

Analyses  of  bone-earths  have  shown  that  the  mineral  constit- 
nente  are  related  to  each  other  in  nearly  constant  proportions,  and 
this  applies  not  only  to  man  but  also  to  the  different  animals.     Aa 
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example  of  the  constitution  of  bone-earth  we  give  here  the  analyses 
of  Zalbwsky.     The  figures  represent  parts  per  thousand. 

Man.  Ox.  Tortoise.  Guinea-pig. 

Calcium  phosphate,  Ca.P,0» 888.9  860.9  859.8  878.8 

Magnesium  phosphate,  Mg«P,0» 10.4  10.2  18.6  10.5 

Calcium  combined  with  CO, ,  Fl,  and  CI.  76.5  78.6  68.2  70.8 

Co, 57.8  62.0  52.7 

Chlorine 1.8  2.0  ....  1.8 

Fluorine 2.8  8.0  2.0 


•  ■  I 


Some  of  the  CO,  is  always  lost  on  calcining,  so  that  the  bone-ash  does  not 
contain  the  entire  CO,  of  the  bony  substance. 

The  quantity  of  organic  substance  in  the  bones^  calculated  from 
the  loss  of  weight  in  burning,  varies  somewhat  between  300  and 
520  p.  m.  This  variation  may  in  part  be  explained  by  the  difficulty 
in  obtaining  the  bony  substance  entirely  free  from  water^  and  partly 
by  the  very  variable  amount  of  blood-vessels,  nerves,  marrow,  and 
the  like  in  different  bones.  The  unequal  amounts  of  organic  sub- 
stance found  in  the  compact  and  in  the  spongy  parts  of  the  same 
bone,  as  well  as  in  bones  at  different  periods  of  development  in  the 
same  animal,  depend  probably  upon  the  varying  quantities  of 
these  above-mentioned  formations.  Dentin^  which  is  comparatively 
pure  bony  structure,  contains  only  260  to  280  p.  m.  organic  sub- 
stance, and  Hoppe-Seyleb  therefore  thinks  it  probable  that  en- 
tirely pure  bony  substance  has  a  constant  composition  and  contains 
only  about  250  p.  m.  organic  substance.  The  question  whether 
these  substances  are  chemically  combined  with  the  bone-earths  or 
only  intimately  mixed  has  not  been  decided. 

The  nutritive  fluids  which  circulate  through  the  bones  have  not  been  iso- 
lated, and  we  only  know  that  they  contain  some  albumin  and  some  NaCl  and 
alkali  sulphate.  The  yellow  marrow  contains  chiefly  fat.  which  consists  of 
olein,  palmitin,  and  stearin.  Albumin  has  been  found  especially  in  the  so- 
called  red  marrow  of  the  spong}**  bones.  Besides  these  substances,  the  marrow 
contains  so-called  extractive  bodies,  such  as  lactic  acid,  hypoxauthin,  and 
cholesterin,  but  mostly  bodies  of  an  unknown  character. 

The  diverse  quantitative  composition  of  the  various  bones  of 
the  skeleton  depends  probably  on  the  varying  quantities  of  other 
formations,  such  as  marrow,  blood-vessels,  etc.,  they  contain.  The 
same  reason  explains,  to  all  appearances,  the  larger  quantity  of 
organic  substance  in  the  spongy  parts  of  the  bones  as  compared 
with  the  more  compact  parts.  Schbodt  has  made  comparative 
analyses  of  different  parts  of  the  skeleton  of  the  same  animal  (dog) 
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and  haa  foand  an  essential  difference.  The  quantity  of  water  in 
the  fresh  bones  varies  between  138  and  443  p.  m.  The  bones  of 
the  extremities  and  the  skuli  contain  138-323,  the  vertebra  168- 
443,  and  the  ribs  324-366  p.  m.  water.  The  quantity  of  fat  varies 
between  13  and  269  p.  m.  The  largest  amount  of  fat,  256-269 
p.  m.,  is  found  in  the  long  tabular  bones,  while  only  13-175  p.  m. 
fat  is  found  in  the  small  short  bones.  The  quantity  of  organic 
substance,  calculated  from  fresh  bones,  was  150-300  p.  m.,  and 
thw  quantity  of  mineral  substances  290-563  p.  m.  Contrary  to 
the  general  BDpi>08ition  the  greatest  amouut  of  bone-eartlis  was  not 
found  in  the  femnr,  but  in  the  three  first  cervical  vertebrie.  In 
geese  the  largest  amount  of  bone-earth  was  fonud  iu  the  humerus 

(UlLLEE). 

We  do  not  possess  trustworthy  statements  in  regard  to  the  com- 
position of  bonee  at  different  ages.  There  is  no  question,  however, 
that  the  mineral  constituents  increase  until  a  certain  age  is  reached, 
at  which  time  the  bones  attain  their  necessary  solidity.  On  the 
other  band,  it  is  not  certainly  known  whether  this  increase  stops 
ut  a  certain  point  or  whether,  as  was  formerly  thought,  it  con- 
tinues, even  if  slowly,  uninterrupted  from  childhood  to  old  age. 

Tlie  coDi|)oeilioa  of  bones  of  animals  of  diSerect  species  is  but  Itltle 
bnowu  Tlie  bones  of  birds  coDlalo,  ns  a  rule,  somewbut  more  water  Utan 
those  of  inaniniBtia.  and  the  bones  of  (iBbes  contain  the  largest  qiianUly  of 
water.  Tbe  bones  of  lislies  aiid  ampblbinns  coutaiu  a  greater  amount  of 
.organic  subslance.  The  bones  of  pacbydeminla  and  cetaccte  coatain  a  larKe 
proportion  of  caldiim  carbonate ;  those  of  granivorous  birds  always  contus  1 
rIHcIc  acid.  The  bonE-aeb  ot  ainphlblans  and  fishes  contains  sodium  sulphotat,  ■ 
The  bonea  of  Qsliea  seem  to  contain  more  soluble  sails  than  the  bouea  of  othar| 
animals. 

A  great  many  tests  have  been  made  to  determine  the  exchange 
of  material  in  the  bones— for  instance,  with  food  rich  in  lime  and 
with  food  deficient  in  lime — but  tlic  results  have  always  been 
doubtful  or  contradictory.  The  attempts,  also,  to  substitute  other 
alkaline  earths  or  clay  for  the  limt-  of  the  bones  have  given  contra- 
dictory results.  Khapp  found  that  tlie  i)ones  of  the  animals  under 
experimentation  were  tinged  with  red  after  a  few  dap  or  weeks ; 
but  these  testa  have  not  led  to  any  positive  conclusion  in  regard  to 
the  growth  or  exchange  of  material  in  the  bonee. 

Under  pathological  conditions,  as  in  rachitis  and  eoftening  of 
the  bones,   au  ossein   has  been  found  which  does  not  give  auj 
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typical  gelatine  on  boiling  with  water.  Otherwise  the  pathological 
conditions  seem  to  affect  chiefly  their  quantitative  composition, 
and  especially  the  relationship  between  the  organic  and  the 
inorganic  substaDce.  In  exostosiB  and  osteomalacosiB  the  quantity 
of  organic  substance  is  generally  increased.  Attempts  have  been 
made  to  produce  rachitis  in  animals  by  the  use  of  food  deficient  in 
lime.  From  experiments  on  fully- developed  animals  contradictory 
results  have  been  obtained.  In  young,  undeveloped  animals  Ekwin 
VoiT  produced,  by  lack  of  lime-salts,  a  change  similar  to  rachitis. 
In  full-grown  animals  the  bones  were  changed  after  a  long  time 
because  of  the  lack  of  lime-salts  in  tlie  food,  but  did  not  become 
soft,  only  thinner,  and  atrophied.  The  experiment  of  removing 
the  lime-salts  from  the  bones  by  the  addition  of  lactic  acid  to  the 
food  lius  led  to  no  positive  results  (Heitzmann,  Heiss,  Baginsky). 
A  few  investigators  are  of  the  opinion  that  in  rachitis,  as  in 
osteomalacosis,  a  solution  of  the  lime-salts  by  me»ns  of  lactic  acid 
takes  place.  This  was  suggested  by  the  fact  that  0.  Webeh  and 
C.  ScHUiDT  found  lactic  acid  in  the  cyst-like,  altered  bony  sub- 
stance in  osteomalacia. 

Well-known  investigators  have  disputed  the  possibility  of  the 
lime-salts  being  washed  from  the  bones  in  osteomalacosis  by  means 
of  lactic  acid.  ITiey  have  given  special  prominence  to  the  fact  that 
the  lime-salts  held  in  solution  by  the  lactic  acid  must  be  deposited 
on  neutralization  of  the  acid  by  the  alkaline  blood.  This  objection 
is  not  very  important,  as  the  alkaline  stream  of  blood  hits  the  prop- 
erty to  a  high  degree  of  holding  earthy  phosphates  in  solution, 
which  can  be  easily  proved. 

To  rnclillls  tbe  amount  oforeaoic  substance bas  been  found  lovnry  betwi-cn 
004  and  811  p.  m.  The  qiiantlly  of  iDorgauIc  aubstaucK  was  1S9-33G  p.  in. 
In  oppasLtlou  to  rncbttts,  osteomnlacoBiB  is  ofteD  cbaracterlrxHl  by  n  coosiiitr- 
able  amount  of  (at  in  the  boncn,  230~2tl0  p.  ro.;  bul  h»  a  rule  tbe  componEticin 
varies  so  tnucli  that  Ibe  aualysua  are  o(  UlUe  value. 

The  tootb-atmotnre  is  nearly  related,  from  a  chemical  stand- 
point, to  the  bony  structure. 

Of  the  three  chief  constituents  of  the  teeth,  dentin,  enamel, 
and  cement,  the  last-mentioned,  the  cement,  is  to  be  considered  aa 
true  bony  structure,  and  as  such  has  been  spoken  of  to  a  certain 
extent.     Dentin  has  the  same  composition  oe  the  bony  structure. 
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but  containB  eomewliat  less  water.  The  organic  substance  yields 
gelatine  on  boiling;  but  the  dental  tubes  are  not  dissolved,  there- 
fore they  cannot  consist  of  collngcn.  In  dentin  260-3S0  p,  nt. 
or^sic  enbetance  has  been  fonnd.  Ettame!  is  an  epithelium  tor 
mation  coutaining  a  large  proportion  of  lime-salts.  The  fact  that 
the  organic  substance  of  enamel  does  not  yield  any  gelatine  oorre- 
sponda  to  its  nature  and  origin.  Completely -developed  enamel 
contains  the  least  water,  the  greatest  quantity  of  mineral  mb- 
stances,  and  is  the  hardest  of  all  the  tissues  of  the  bod;.  In  full- 
grown  animals  it  contains  hardly  any  water,  and  the  amount  of 
organic  substance  amounts  to  only  30-40  p.  m.  The  relative 
amounts  of  calcium  and  phosphoric  acid  are,  according  to  the 
analyses  of  Hoppe-Seyler,  about  the  same  as  in  bone-earths. 
According  to  the  determination  of  Berzelius,  the  enamel  may 
contain  40  p.  m.  calcium  fluoride. 


IV.  The  Fatty  Tissue. 

The  membranes  of  the  fat-cells  withstand  the  action  of  alcohol 
and  ether.     They  are  not  diseoived  by  ncetic  acid  nor  by  dilate  i 
mineral  acids,  but  are  dissolved  by  artificial  gastric  juice,     Theyfl 
may  possibly  consist  of  a  substance  closely  related  to  olastin.     The! 
eontenta  of  the  fat-ce!la  are  fluid  during  life,  but  solidi^  after  ' 
death  and  become  more  or  less  solid,  depending  upon  the  charac- 
ter of  the  fats.     Besides  fat,  the  fat-cells  contain  a  yellow  pigment 
which  in  emaciation  does  not  disappear  bo  rapidly  as  the  fat;  and   , 
this  is  the  reason  that  the  subcutaneons  cellular  tissue  of  an  enui-a 
ciated  corpse  has  a  dark  orange-rod  color.     The  cells  deficient  is  1 
or  nearly  free  from  fat,  which  remain  after  the  complete  disapiiear-  ' 
ance  of  the  latter,  seem  to  have  an  albuminous  protoplasm  rich  la 
water. 

The  lees  water  the  fatty  tissue  contains,  the  richer  it  is  in  fst. 
ScBULTZB  and  Beineckb  found  in  lOOO  jtarta; 

Walsr.  Ilembnne.  Fst. 

TUiy  H«ue  of  o»en »  6  11.8  888.8 

■'         beep  1<M.8  16.4  878,8 

pigs,... 64.4  13.5  923.1 
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The  fat  contained  iii  the  fat-celU  CDoaiata  chiefly  of  triglycerides 
of  stearic,  palmitic,  and  oleic  acide.  Beeidee  tlieee,  especiully  in  the 
less  solid  Itinds  of  fat,  there  are  glyeerides  of  caproic,  valerianic, 
and  otiier  fatty  acids  which  have  not  been  so  closely  iurestigated. 
It)  all  nnimal  fats  there  are  besides  these,  as  IIofmann  has  shown, 
free,  non-volutilo  fatty  ucids,  ulthougii  in  very  small  amonnte. 
Fats  from  different  species  of  animals,  and  even  from  different 
parte  of  the  same  animal,  have  an  eeeentially  different  consistency, 
depending  upon  the  relative  amounts  of  the  different  fats.  In 
solid  fats— OS  tallow — tristearin  and  tripaluiitin  are  in  excess,  while 
the  less  solid  fata  are  characterized  by  a  greater  abundance  of 
palmitin  and  triolein.  This  last- mentioned  fat  ia  found  in  greater 
quAntities  proportionally  in  cold-blooded  animals,  and  this  accounts 
for  the  fat  of  these  animals  remaining  fluid  at  temperatures  at 
which  the  fat  of  warm-blooded  animals  solidifies.  Human  fat 
trom  different  organs  and  tiesnes  contains,  in  round  nambers,  670- 
600  p.  m.  olein.  The  melting-point  of  different  fats  depends 
upon  the  composition  of  the  mixtures,  and  it  not  only  varies  for  fat 
from  different  tisanes  of  the  same  animal,  but  also  for  the  fat  from 
the  sume  tissues  in  various  kinds  of  animals. 

Fat  occurs  in  all  organs  and  tisauos  of  the  animal  organism, 
tliough  the  quantity  may  be  so  variable  that  a  tabular  exhibit  of 
the  amount  of  fat  in  different  organs  is  of  little  interest.  The 
marrow  contains  the  largest  quantity  proportionally,  having  over 
960  p.  m.  The  three  most  important  deposits  of  fat  in  the  animal 
organism  are  the  intermuscular  connective  tissue,  the  fatty  tissue 
in  the  abdominal  cavity,  and  the  subcutaneous  connective  tissues. 

The  average  composition  of  animal  fat  is  as  follows :  C  7G.5, 
II   12,0,  and  0  11.5  per  cent.     Neutral  fats  are  colorlesa  or  yel- 
lowish and,  when  perfectly  pure,  odorless  and  tasteless.    They  are 
lighter  than  water,  on  which  they  float  when  in  a  molten  condi-.  a 
tion.     They  are  insoluble  in  water,  dissolve  in  boiling  alcohol,  bafc.i 
separate  on  cooling, — often  in  crystals.     They  are  easily  soluble  in  I 
ether,   benaol,   and   chloroform.      The  fluid  neutral  fats  give  i 
emulsion  when  shaken  with  a  solution  of  gum  or  albumin.     With'l 
water  alone  they  give  an  emulsion  only  aftiT  vigorous  and  pre 
longed  shaking,  but  the  emulsion  is  not  persistent.     The  presenosfl 
of  some  soap  causes  a  very  fine  and  permanent  emulsion  to  fonnfl 
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easily.  Fat  prodoces  spots  on  paper  which  do  not  diappear;  it 
ic  not  ToUtile;  it  boils  at  about  3u0°  C.  with  portfal  decompoei- 
tioo,  Mid  bama  with  a  Inminoae  and  smoky  flame.  The  fatty  acida 
lure  most  of  the  above-mentioned  properties  iu  common  with  the 
ncDtral  fats,  but  differ  from  them  in  being  soluble  in  alcobol-eth<?r, 
in  haring  an  acid  reaction,  and  br  not  ginng  the  acrolein  te«L 
The  neutral  fats  generate  a  stroog  irritating  vapor  of  acrolein,  due 
to  the  decomposition  of  glycerine,  C,H,(OU),  —  2H,0  =  C^.O, 
when  heated  alone,  or  more  easily  when  heated  with  potassium 
hunlphate  or  witli  other  substances  removing  water. 

The  neutral  &its  may  be  split  by  the  addition  of  the  constitu- 
ents of  water  according  to  the  following  equation :  C,Ht(OR)i  -f- 
SH/)  =  C,H.(OH),  +  3H0R.  This  eplitting  may  be  produced  by 
the  pancroatic  enzyme  or  by  superheated  steam.  We  moat  fre- 
quently decompose  the  neutral  fats  by  boiling  them  with  caustic 
alkali  not  too  concentrated,  or,  still  better  (in  zoochemical  re- 
searches), with  an  alcoholic  potush  solution.  By  this  procedure, 
which  is  called  saponification,  the  alkali  salts  of  the  fatty  acids 
(soaps)  are  formed.  If  the  saponification  is  made  with  lead  oxide, 
then  lead-plaster,  lead-salts  of  the  fatty  acids,  ia  produced. 

Stesiio,  or  tsibteabin,  C,Hj(C'unj,0,)j,  occurs  especially  in  the 
eolid  vitrieties  of  tallow,  but  also  in  the  vegetable  fats. 

Stearic  acid,  C„HbO,,  ia  fonnd  in  the  free  state  in  decomposed 
pitM,  in  the  e spec torati one  in  gangrene  of  the  lungs,  and  in  cheesy 
tuberculons  masses.  It  occurs  as  lime-aoap  in  excrements  and  adi- 
pocere,  and  in  this  last  product  also  as  an  ammonia  soap.  It  per- 
haps exists  as  sodium  soap  in  the  blood,  trausndatlons,  and  pus. 

Stearin  ia  the  hardest  and  moat  insolnble  of  the  three  ordinary 
nmitral  fats.  It  is  nearly  insoluble  in  cold  alcohol  and  soluble  with 
great  difficulty  in  cold  ether  (223  parts).  It  separates  from  warm 
alcohol  on  cooling  as  rectangular,  leas  frequently  as  rhombical 
plates.  In  regurd  to  the  melting- point,  which  may  be  changed  by 
alternately  warming  and  cooling,  opinions  are  somewhat  divergent; 
for  stearin  from  the  fatty  tiasnee  it  is  often  stated  as  03°  G. 

Stearic  arid  crystallizea  (on  cooling  from  boiling  alcohol)  in 
ItTge,  shining,  long-rhombical  ecale-s  or  plates.  It  ia  leaa  aoluble 
than  the  other  fatty  acids  and  melts  at  69.2°  C.  Its  barium  salt 
contains  lil.49;C  barium. 
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PaUnitin,  tripalmitin,  C,H5(C^«Hai08)8.  Of  the  two  solid 
Tarieties  of  fats,  palmitin  is  the  one  which  occurs  in  predominant 
quantities  in  human  fat  (Lanoeb).  Palmitin  is  present  in  all 
animal  fats  and  in  several  kinds  of  vegetable  fats.  A  mixture  of 
sterin  and  palmitin  was  formerly  called  maboabik.^ 

Palmitic  acid,  CieHaOf  As  to  occurrence  about  the  same  remarks 
apply  as  to  stearic  acid.  The  mixture  of  these  two  acids  has  been 
called  margaric  acid,  and  this  mixture  occurs— of  ten  as  very  long, 
thin,  crystalline  plates — in  old  pus,  in  expectorations  from  gang- 
rene of  the  lungs,  etc. 

Palmitin  crystallizes,  on  cooling  from  a  warm  saturated  solution 
in  ether  or  alcohol,  into  starry  rosettes  of  fine  needles.  The  mix- 
ture of  palmitin  and  stearin,  called  margarin,  crystallizes,  on  cool- 
ing from  a  solution,  as  balls  or  round  masses  which  consist  of  short 
or  long,  thin  plates  or  needles  which  often  appear  like  blades  of 
grass.  Palmitin,  like  stearin,  has  a  variable  melting  and  solidify- 
ing point,  depending  upon  the  way  it  has  been  previously  treated. 
The  melting-point  is  often  given  as+  62°  and  the  solidifying-point 
as  +  45°  C. 

Palmitic  acid  crystallizes  from  an  alcoholic  solution  in  tufts  of 
fine  needles.  It  melts  at  -f*  62°  C;  still  the  admixture  with  stearic 
acid,  as  Heiktz  has  shown,  essentially  changes  the  melting  and 
solidifying  points  according  to  the  relative  amounts  of  the  two  acids. 
Palmitic  is  somewhat  more  soluble  in  cold  alcohol  than  stearic  acid ; 
but  they  have  about  the  same  solubility  in  boiling  alcohol,  ether, 
chloroform,  and  benzol. 

Olein,  TBiOLEiN,  GsH5(GuHssOs)s,  is  present  in  all  animal  fats 
and  in  greater  quantities  in  plant  fats.  It  is  a  solvent  for  stearin 
and  palmitin.  Oleic  acid,  elaic  acid,  CisHsaOs,  occurs  probably 
as  soaps  in  the  intestinal  canal  during  digestion  and  in  the  chyle. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorless  oil  of  a 
specific  gravity  of  0.914,  without  odor  or  marked  taste.  It  solidifies 
in  crystalline  needles  at  —  5°  C.  It  becomes  rancid  quickly  if 
exposed  to  the  air.  It  dissolves  with  difficulty  in  cold  alcohol,  but 
more  easily  in  warm  alcohol  or  in  ether.  It  is  converted  into  its 
isomer,  elaidin,  by  nitrous  acid. 

^  This  mixture  must  not  be  confounded  with  the  synthetically-prepared 
neutral  fat  called  trimargarin. 


346 


PB78I0L00ICAL  CHEMISTBT. 


Oleic  acid  forms  at  ordinary  temperature  a  colorless,  tuBteless^ 
and  odorless  oily  liquid  which  cryatallizeB  at  about  +  4°  C.  On 
being  heated  it  yields,  besides  volatile  fatty  acids,  bebacic  acid, 
CigH„0|,  vhich  crystallizeB  in  shining  plates  and  melts  at  -|- 127°  G. 
Oleic  aoid  is  converted  by  nitroui^  acid  into  its  isomer,  elaidic  acid, 
which  is  a  solid,  melting  at  -|-  45°  C.  Oleic  acid  is  Insoluble  in 
water  but  diBsoWeB  in  alcohol,  ether,  and  chloroform.  With  con-' 
centrated  sulphuric  acid  aud  some  cane-sugar  it  gives  a  beautiful 
red  or  red  dish- violet  liquid  whose  color  is  similar  to  that  produced 
in  Pettenkofer's  test  for  bile-acids, 

If  the  watery  solution  of  the  alkali  combinations  of  oleic  acid  is 
precipitated  with  lead  acetate,  a  white,  tough,  sticky  mass  of  oleate 
of  lead  is  obtained  which  is  not  soluble  in  water  and  only  slightly 
in  alcohol,  but  is  soluble  in  ether  (differing  from  the  lead-salts  of 
the  other  two  fatty  acids). 

An  add  related  to  oleic  iicid,  doolikoic  ACiD.wbichis  solid  at  0*  C,  liquid 
at  -|-  10°,   and  soluble  !□  alcohol,  Is   found  in   the  blubber  of   lbs  Bal^Na 

SOSTRATA, 

To  detect  the  presence  of  fat  in  an  animal  fluid  or  tissue  the   i 
fat  must  first  be  extracted  witi)  ether.  After  the  evaporation  of  the 
ether  the  residue  is  tested  for  fat  and  the  acrolein  test  must  not  be 
neglected.     If  this  test  gives  positive  results,  then  neutral  fata  are 

E resent;  if  the  results  are  negative,  then  only  fatty  acids  are  present. 
I  the  above  residue  after  evaporation  gives  the  acrolein  test,  then  a 
small  portion  is  dissolved  in  alcohol-ether  free  from  acid  and  which 
has  been  colored  bluish  violet  by  tincture  of  aJkanet.  If  the  color 
becomes  red,  a  mixture  of  ueutral  fat  and  fatty  acids  is  present.  In 
this  case  the  (at  is  treated  in  tlie  warmth  with  a  soda  solution  and 
evaporated  on  the  water-bath,  constantly  stirring  until  ail  the  water 
is  removed  The  fatty  acids  are  hereby  combined  with  the  alkali  i 
as  soaps,  while  the  neutrLil  fats  are  not  saponified  under  these  con- 
ditions.  If  this  mixture  of  soaps  and  neutral  fats  is  treated  with 
water  and  then  shaken  with  pnie  etlier,  the  neutral  fats  are  dis- 
solved, while  the  soaps  remiun  in  the  watery  solution.  The  fatty 
acids  may  be  separated  from  this  solution  l)y  the  addition  of  a 
mineral  acid  which  sets  the  ucid  free. 

•  The  neutral  fats  separated  from  the  soaps  by  means  of  ether  are 
contaminated  with  some  cholesterin,  which  must  be  separated  in 
qnaotitative  determinations  by  saponification  with  alcoholic  caustic 
twtnsb. 

The  cholesteriu  is  not  attacked  by  the  caustic  alkali  while  the 
neutral  fats  arc  saponified.     After  the  evajioration  of  the  alcohol 
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the  reeiiiue  is  diBsolved  in  water  and  shaken  with  ether,  which  dia- 
sokea  the  choleaterin.  The  fatty  acids  are  separuted  from  the 
watery  solution  of  the  soaps  by  the  addition  of  a  mineral  acid.  If 
a  mixture  of  soa|>s,  neutral  fats,  and  fatty  acids  is  originally  present, 
it  is  treated  first  with  water,  then  agitated  with  ether  free  from 
alcohol,  whicli  dissolves  the  fat  and  fatty  acide,  while  the  soaps 
remain  in  the  solution,  with  the  exception  of  a  very  amail  amount 
which  isdisBolTed  by  the  ether. 

To  detect  and  to  separate  the  different  varieties  of  neutral  fats 
from  eacb  other  it  is  best  first  to  saponify  them  with  alcoholic 
potash.  After  the  evaporation  of  the  alcohol  they  are  dissolved  in 
water  and  precipitated  with  sugar  of  lead.  The  oleate  of  lead  is 
then  separated  fiom  the  other  two  lead-salts  by  repeated  extraction 
with  ether.  The  reeidne  insoluble  in  ether  is  decomposed  on  the 
water-bath  with  an  eiceas  of  soda  solution,  evaooratcKi  to  dryness, 
finely  pulverized,  and  extracted  with  boiling  alcotiol.  The  alcoholic 
solution  is  then  fractionally  precipitated  by  barium  acetate  or 
barium  chloride.  In  one  fraction  the  amount  of  barium  is  deter- 
mined, and  in  the  other  the  melting-point  of  the  fatty  acid  set  free 
by  a  mineral  acid.  The  fatty  acids  occurring  originally  in  the  ani- 
mal tissues  or  fluids  as  free  acids  or  as  soaps  are  converted  into 
barium  salts  and  investigated  as  above. 

The  derivalion  ofthefals  in  Ihe  organism  may  occur  in  various 
ways.  The  fat  of  the  animal  body  may  consist  partly  of  absorbed 
&t  of  the  food  deposited  in  the  tissues  and  partly  of  fat  formed  in 
the  organism  from  other  bodies,  such  as  albuminous  bodies  or 
carbohydrates. 

That  the  fat  of  the  food  which  is  absorbed  in  the  intestinal 
canal  may  be  retained  by  the  tissues  bos  been  shown  in  several 
ways.  Lebeheki?  and  Munk  have  fed  dogs  with  various  fats,  such 
as  linseed -oil,  mutton-tallow,  and  rape-seed-oil,  and  have  afterwards 
found  the  administered  fat  in  the  tissues.  Hofuakn  starved  dogs 
until  they  appeared  to  have  lost  their  fat,  and  then  fed  them  upon 
large  quantities  of  fat  and  only  little  proteids.  When  the  animals 
were  killed  he  found  so  large  a  quantity  of  fat  that  it  couid  not 
have  been  formed  from  the  administered  proteids  alone,  but  the 
greatest  part  must  have  been  derived  from  the  fat  of  the  food. 
Pettenkofer  and  Voit  arrived  ^t  similar  results  in  regard  to  the 
behavior  of  the  absorbed  fats  in  the  organism,  though  their  experi- 
ments were  of  another  kind.  Mukk  has  found  that  on  feeding 
with  free  fatty  acids,  these  are  deposited  in  the  tissues,  not,  how- 
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ever,  as  such;  but  they  are  transformed  by  synthesis  with  glyceriu 
into  neutral  fats  on  their  passage  from  the  iutestines  to  the 
thoracic  duct.  According  to  Ewald,  such  a  synthesis  may  be  pro- 
duced by  the  surviving  mucous  membrane  of  t!ie  intestine. 

Albuminous  bodies  and  carbohydrates  may  be  considered  as  the 
mother-substance  of  the  fats  formed  in  the  organism. 

The  formation  of  the  so-called  cobpse-wax,  adipocbre,  into 
which  parts  of  the  corpae  rich  in  protcids  are  sometimes  converted, 
and  which  consiata  of  abundant  quantities  of  fatty  acids,  ammonia, 
and  lime-soaps,  is  often  given  as  a  proof  of  t\\a  formation  of  fata 
from  proteids.  The  provableness  of  this  observation  has,  however, 
been  disputed,  and  many  other  esplauations  of  the  formation  of 
this  substance  have  been  offered.  According  to  the  recent  experi- 
ments of  Kratter  and  E,  B,  Lesmanm,  it  seems  as  if  it  were 
possible  by  experimental  means  to  convert  animal  tissue  rich  in 
proteids  (muscles)  into  adiiK>cere  by  the  continuous  action  of  water. 
That  the  formation  of  fatty  acids  in  this  case  actually  takes  place 
at  the  expense  of  the  proteids  may  be  inferred  from  the  investiga- 
tions of  Ledmaun. 

Another  proof  of  the  formation  of  fat  from  proteids,  taken 
from  pathological  chemistry,  is  fatty  degeneration.  On  this  point 
also  all  investigators  are  not  united;  but  the  investigations  of 
Bauer  seem  to  show  that  at  least  in  acute  poisoning  by  phosphorus 
the  fatty  degeneration  actually  consists  of  a  formation  of  fat  from 
proteids. 

As  a  more  direct  proof  of  fat-formation  from  proteids  the  inves- 
tigations of  Pettenkofer  and  Voir  are  often  quoted.  These 
investigators  fed  dogs  with  large  quantities  of  meat  containing  the 
least  possible  proportion  of  fat,  and  found  all  of  the  nitrogen  in 
the  excreta  but  only  a  part  of  the  carbon.  As  an  explanation  of 
these  conditions  it  has  been  assumed  that  the  proteid  of  the 
organism  splits  into  a  nitrogenized  and  a  non-nitrogenized  part, 
the  former  changing  into  the  nitrogenized  final  product,  urea,  the 
other,  on  the  contrary,  being  retained  in  the  organism  as  fat  (Pet- 
tenkofer and  Voit). 

Another  more  direct  proof  of  a  fat  formation  from  proteid  has 
been  given  by  Hopmann.  He  experimented  with  fiy-maggots.  A 
namber  of  these  were  killed  and  the  quantity  of  fat  determined. 
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The  remainder  were  allowed  to  develop  iu  blood  whose  proportion 
of  fat  liad  been  previously  dotermiued,  and  after  a  certaJo  time 
tliey  were  killed  and  analyzed.  He  found  in  them  from  7  to  19 
times  as  much  fat  as  the  maggots  first  analyzed  and  the  blood 
together  contained. 

While,  then,  in  view  of  this  experiment,  the  question  of  the 
formation  of  fat  from  proteids  can  hardly  be  disputed,  we  do  not 
yet  know  the  maximum  amount  of  fat  formed  from  the  proteids 
nor  the  chemical  processes  concerned  in  its  formation.  Dbgcqsel, 
mindful  of  the  products  which  are  formed  by  the  decomposition  of 
albumin  with  barium  hydrate,  has  called  attention  to  the  fact  that 
the  albumin  molecule  probably  originally  contains  no  radical  with 
mora  than  six  or  nine  carbon  atoms.  If  fat  is  formed  from  albu- 
min in  the  animal  body,  then,  according  to  Drechsel,  such  forma- 
tion is  not  a  splitting  oS  from  the  albumin,  but  rather  a  synthesis 
from  primarily- formed  splitting  products  of  albumin  which  are 
deficient  in  carbon. 

The  theory  of  \\i.q  formation  o  fat  from  carbohydrates  in  the 
animal  body  was  first  adopted  by  Liebig.  This  was  combated  for 
some  time,  however,  and  until  lately  it  was  the  general  opinion  that  a 
direct  formation  of  fat  from  carbohydrates  had  not  been  proved, 
and  also  that  it  was  improbable.  The  undoubtedly  great  influence 
which  LiEBiQ  has  shown  the  carbohydrates  to  exert  on  the  forma- 
tion of  fat  has  been  explained  by  C.  v.  Voir  upon  the  assumption 
that  these  carbohyd rates  are  consumed  instead  of  the  fat  absorbed 
or  formed  from  the  albumins,  and  therefore  have  an  action  tending 
to  eoonomize  the  fat.  By  means  of  a  series  of  nutrition  testa 
with  foods  especiiiUy  rich  in  carbohydrates,  La  web  and  Gilbert, 
SoXHt-ET,  TscBEitwiHSKT,  Meis3L  and  Stromer  (on  pigs),  B. 
ScHULTZE,  Chanikwski,  E,  Voit  and  C.  Lehmann  {on  geese),  J. 
MuNK  and  M.  Rubner  (on  doga)  apparently  prove  that  a  direct 
formation  of  fat  from  carbohydrates  does  actually  occur.  The 
processes  by  which  this  formation  takes  place  are  still  unknown. 
As  the  carbohydrates  do  not  contain  as  complicated  a  molecule  as 
the  fata,  the  formation  of  fat  from  carbohydrates  must  consist  of  a 
synthesis,  in  which,  the  gi-onp  CHOH  is  converted  into  CH, ,  a 
reduction  must  also  take  place. 

When  food  contains  an  excess  of  fat,  the  superfluous  amount  is 
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stored  np  in  the  fatty  tiesne,  and  on  partaking  of  food  deficient  m 
fat  this  accumulation  ia  quickly  exhauBted.  There  is  perhaps  uo  one 
of  the  various  tissues  tliat  decreases  so  much  in  starvation  as  the 
fatty  tisEue.  Thi!  orgauism,  then,  jHissesses  in  this  tissue  a  depot 
where  there  is  stored  during  proper  alimentation  a  substance  of 
great  importance  in  the  developmtut  of  heat  and  vital  force,  which 
substance,  on  insufficient  nutrition,  is  given  off  as  may  be  needed. 
The  fatty  tissues,  on  account  of  their  low  conducting  power, 
become  of  great  importance  in  regulating  the  loss  of  lieat  from  the 
body,  Tliey  also  serve  to  fill  cavities,  and  as  a  protection  and  snjK 
port  to  ceituiu  iutermil  organs. 


Appendix  to  the  Fatty  Tissue. 

Bpermacetl.  Id  Ibc  liriug  gpcnunc^ell  or  while  wbale  there  fa  found  Id  a 
large  cavity  in  Ibe  skull  en  o!ly  liquid  called  spenuaceli,  whicU  on  cooling 
ftflei'deatliBeparalealDtoBaoKd  cryslBlllue  part,  ordiuarily  ctdled  o'erhacbti, 
Biidluloa  liquid.  Bi^RMACETt-olL.  Tbls  1a«l  Ib  Separated  by  pressure.  Sper- 
maceti \m  Also  found  Id  otLer  wlisles  and  Id  certain  species  of  dolpbln. 

The  purllied,  solid  spermaceti,  whlcli  Is  called  cetin,  is  a  mixture  of  esters 
of  fatly  aclda.  Tile  chief  coDslilucul  is  tbe  cetyl  palmitic  ester  mixed  with 
small  quantities  of  coni|touDd  ethers  of  lauric,  myrisiiic.  aud  alearlc  adds  with 
nulicala   of  tbe  iilcobols,  lktsal,    CiiU...OH,    uetkal,   Ci4Iii.0U,  and 

BTBTUAL,  CH.i.OU. 

OMln  is  B  suow-wklte  mass  abiuing  like  mother- of- pearl,  cryalalllKing  in 
plates,  brittle,  fatty  to  the  touch,  and  which  has  a  vHi-ylDg  meltlng-polDt 
of  ^-  30°  lo  50°  C,  depeudiDg  upon  its  purity.  Celiu  is  iusolume  iu  water,  but 
dissolves  easily  in  cold  ether  or  volatile  aud  falty  oils.  It  dlissolvea  in  boiling 
'alcohol,  but  cryslnllizcs  ou  cooUue.  It  is  aaponifled  with  difflculty  by  a  solu- 
tion of  caustic  potiiab  in  water,  liut  will)  au  alcoholic  solution  it  saponffieB 
readily  and  llic  nbove-mentioned  alcoLols  aroB«t  free. 

Zttal.  or  cetyl  itlcolinl,  C,,H„.OH.  wbich  also  occurs  in  the  coccygeal 
gland  of  ducks  and  geese  (Db  JonoB)  and  in  smuller  qnanlitlea  lu  beeswai, 
forma  white,  iraospareut,  odorless,  aud  tasteless  cryatals  wbich  are  insoluble 
in  water  but  dissolve  easily  In  alcohol  and  elber,     Ellial  melts  at  40,5"  C. 

Spkrkacktioil  yields  on  sapouificalion  valerianic  acid.  sraHll  amounts  of 
•olid  falty  acids,  and  phvbbtoi.bic  acid.  Tlils  acid  forms  colorless  and  odor- 
lew,  ucedlc-sliaped  crystals  whicL  easily  diasolvo  in  alcohol  and  ether  and 
mell  at  +  34°  C. 

Berswax  may  be  treated  here  as  concluding  the  subject  of  fats.  It  con- 
tains three  chief  coQitltueuts.  1.  Cbkotic  acid,  CnHt.Oi  ,  wbich  occurs  as 
celyl  ether  Id  Chinese  wai  and  as  free  acid  in  ordinary  wan.  It  dissolves  Id 
bofung  alcohol  and  separates  as  crystals  oo  cooling.  The  cooled  alcoholic 
eitmcl  of  wax  coulalus  (3)  ceroleim.  wbich  Is  probably  a  mixliire  of  several 
bodica,  and  (3)  sivribin.  which  forms  the  chief  conslitut-ni  of  that  pari  of 
WB«  which  ia  Insoluble  In  warm  or  cold  alcohol.     Mvrisln  consiats  chiefly  of 

rlmilic-acid  ether  of  mcllasyl  (myricyll  alcohol,  C,.H„.OH.      This  alcohol 
a  rilky,  sbiuiug,  crystalline  body  uwltlng  at  +  65'  C, 


CHAPTER  IX. 
MUSCLE. 

Striated  Muscles. 

Ik  tbe  study  of  the  muscles  the  chief  problem  for  physiological 
chemistry  is  to  isolate  their  different  morphological  elements  and 
to  investigate  each  element  separately.  By  reason  of  the  compli- 
cated structure  of  the  muscles  this  has  been  thus  far  almost  impos- 
sible^ and  we  must  be  satisfied  at  the  present  time  with  the  investi- 
gation of  the  chemical  composition  of  the  muscular  fibres  and  with 
a  few  micro-chemical  reactions. 

Each  muscle-tube  or  muscle-fibre  consists  of  a  sheath,  the 
SARCOLEifMA,  which  apparently  is  composed  of  a  substance  similar 
to  elastin^  and  the  contents  containing  a  large  proportion  of 
ALBUMINS.  This  last-mentioned  substance,  which  in  life  is  possessed 
of  contractile  force,  has  in  the  inactive  muscle  an  alkaline  reaction, 
or,  more  correctly  speaking,  an  amphoteric  reaction  with  a  predomi- 
nating action  on  red  litmus-paper.  This  reaction  depends  on  a 
mixture  of  mono-  and  di-potassium  phosphate  with  a  preponderance 
of  diphosphate.  The  dead  muscle  has,  on  the  contrary,  an  acid 
reaction  depending  on  the  presence  of  potassium  monophosphate 
and  free  lactic  acid. 

If  we  disregard  the  disputed  statements  relative  to  the  finer 
structure  of  the  muscles,  we  can  differentiate  in  the  striated  muscles 
between  the  two  chief  components,  the  doubly  refracting — anisa- 
tropous — and  the  singly  refracting — isotropous — substance.  If  the 
muscular  fibres  are  treated  with  reagents  which  dissolve  albumins, 
such  as  dilute  hydrochloric  acid,  soda  solution,  or  gastric  juice, 
they  swell  greatly  and  break  up  into  "Bowman's  disks.''  By  the 
action  of  alcohol,  chromic  acid,  boiling  water,  or  in  general  such 
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reagents  as  caase  a.  Bhrinking,  tbe  fibres  split  longitudinally  into 
fibrils ;  and  this  behavior  bIiows  that  several  chemically  different 
sabstancca  of  variouB  solubilities  enter  iuto  the  conatructiou  of  the 
muscular  fibres. 

The  albuminouB  body,  myosin,  is  generally  considered  as  the 
principal  constituent  of  the  diagonal  disks,  consisting  of  a  doubly- 
refracting  substance,  while  the  chief  mass  of  the  remaining  albumin- 
ous bodies  found  in  the  muscles,  also  most  of  the  extractive  matter, 
is  contained  in  the  isotropons  substaucc.  According  to  the  obsei'- 
vations  of  Danilbwsky,  myosin  may  be  completely  extracted  from 
the  muscle  without  changing  its  structure,  by  the  use  of  a  5^  solu- 
tion of  ammonium  chloride.  This  is  contrary  to  the  above  state- 
ments.  Danilewskv  claims  that  in  the  structure  of  the  muscles 
another  aubbtance  enters,  similar  to  albumin,  which  has  not  been 
closely  studied  aud  which  does  not  dissolve  in  ammonium  chloride 
solntiou,  but  only  expands.  Albumiaous  bodies  constitute  an 
important  part  of  the  muscular  structure,  of  which  it  forma  the 
ohief  mass  of  its  solids. 

AlbaminoQi  fiodiei  of  the  Muscles. 

Like  the  blood  which  contains  a  fluid,  the  blood-plasma,  which 
spontaneously  coagulates,  separating  fibrin  and  yielding  blood -serum, 
so  also  the  living  muscle  contains,  as  first  shown  by  Kuhnb,  a 
spontaneously  coagulating  liquid,  the  muscle- plasm  a,  which  coagu- 
latds  quickly,  separating  an  albuminous  body,  myosin,  and 
yielding  also  a  serum.  That  liquid  which  is  obtained  by  pressing 
the  living  muscle  is  called  muscle-plasma,  while  that  obtained  from 
the  dead  muscle  is  called  muscle-serum.  These  two  fluids  also  con- 
tain different  albuminous  bodies. 

The  muscle-plasma  tt-as  first  prepared  by  KcHNB  from  frog- 
muscles,  and  lately  IIalliburton  has  prepared  it  according  to  the 
sume  method  from  the  muscles  of  warm-blooded  animals,  especially 
rabbits.  The  principle  of  this  method  is  as  follows:  The  blood  is 
removed  from  the  muscles  immediately  after  the  death  of  the  animal 
by  passing  through  them  a  strongly-cooled  common-salt  solution  of 
5  to  6  p.  m.  Then  tlio  quickly-cut  muscles  are  immediately 
thoroughly  frozen  so  that  they  can  be  ground  in  this  state  to  a  fine 
"muscl»^now."  This  pulp  is  strongly  pressed  in  the  cold,  and 
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the  liquid  which  drips  off,  the  irmacle-plaema,  is  faintly  yellowish  in 
color,  alkaline,  and  spontaneously  but  slowly  coagulates  at  a  little 
above  O'U.,  but  vei-y  quickly  at  the  temperature  of  the  body.  In 
the  muBcle-plasma  of  the  frog  the  reaction  does  not  change  iname- 
diately  with  the  coagulation,  but  the  alkaline  reaction  is  gradually 
changed  into  an  acid  one.  The  liquid  which  is  pressed  from  tne 
clot,  the  mascle-semm,  is  always  acid.  The  albuminous  body  which 
forms  the  clot  has  been  called  myosin.  Besides  this,  another 
albuminous  body,  musculin  or  paramyostn  (Hallibuktom),  is 
found  in  the  elot. 

Hyosin  was  first  discovered  by  EiiHNB,  and  constitutes  the 
principal  mass  of  the  albuminous  bodies  of  the  dead  mnsclo,  and 
according  to  a  few  investigators  it  forms  the  gi-eatest  part  of  the 
contractile  protoplasma.  Tbe  statements  as  to  the  occurrence  of 
myosin  in  other  organs  besides  the  muscles  require  further  proof. 
The  amount  of  myosin  in  the  muscles  of  different  animals  varies, 
ftocording  to  Danilewskt,  between  30-110  p,  m. 

Myosin  is  a  globulin  whose  elementary  composition,  according 
to  Chittenden  and  Cummins,  is,  on  an  average,  the  following  : 
C  52.83,  H  7.11,  N  16.17,  S  1.27,  022.03  per  cent.  If  the 
myosin  separates  as  fibres,  or  if  a  myosin  solution  with  a  minimum 
quantity  of  alkali  is  allowed  to  evaporate  on  a  microscope-slide  to  a 
gelatinous  mass,  doubly-refracting  myosin  may  be  obtained.  Myosin 
has  tbe  general  properties  of  the  globulins.  It  is  eomplotely  pre- 
cipitated by  saturating  with  NaCl,  also  by  MgSO, ,  in  a  solution 
containing  Si^i  of  the  salt  with  its  water  of  crystallization  (Halli- 
burton).  Like  fibrinogen  it  coagulates  at  -f-  56°  C.  in  a  solution 
containing  common  salt,  but  differs  from  it  since  under  no  circum- 
stances can  it  be  converted  into  fibrin.  The  coagulation  tempera- 
ture, according  to  Chittgndbn  and  Cummins,  not  only  varies  for 
myosin  of  different  origin,  but  also  for  the  same  myosin  in  different 
salt  solutions. 

Myosin  may  be  prepared  in  the  following  way,  as  suggested  by 
Halli BDIITON.  The  muscle  is  first  eitraeted  by  a  5f  mugnesium 
sulphate  solution.  The  filtered  extmct  is  then  treated  with  mag- 
nesium sulphate  in  sohstance  nnti!  lOOoc.  of  the  liquid  contains 
about  50  grms.  of  the  salt.  The  so-called  paramyoein  or  musculin 
separates.       The   filtered  liquid  is  then  treated  with  magnesium 
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Hulphate  until  each  100  cc.  of  the  liquid  holds  94  grms.  of  the  salt 
ia  solution.  The  myosiu  which  now  separatea  is  filtered,  dissolved 
iu  water  by  aid  of  the  retained  salt,  precipitated  by  diluting  with 
water,  and,  when  necessary,  purified  by  redissolving  in  ditate-salt 
solution  and  precipitating  with  water. 

The  older  and  perhaps  the  usual  method  of  preparation  CDnBiste, 
according  to  Danilbwsky,  in  extracting  the  muscle  with  a  5-lu^ 
ammonium-chloride  solntion.  precipitating  the  myosin  from  the 
filtrate  by  strongly  diluting  with  water,  redissoiving  the  precipitate 
in  auimonium-cnloride  solution,  and  the  myosin  obtained  from  this 
solution  is  either  repreoipitated  by  diluting  with  water  or  by  remov- 
ing the  salt  by  dialysis. 

As  the  coagulation  of  the  blood-plaama  is  considered  by  most 
investigators  as  an  enzymotic  process,  so  certain  observations  seem 
to  show  that  the  coagulation  of  the  muscle- pi  lis  ma  is  an  analogous 
process.  From  muscles  which  had  been  kept  for  a  long  time  in 
alcohol  Hallibubtok  obtained,  by  extracting  the  mass  with 
water,  a  soluble  substance  contaminated  with  albumose  which, 
although  not  identical  with  fibrin  ferment,  had  the  property 
of  accelerating  the  coagulation  of  the  muscle-plasma.  This  sub- 
stance was  called  by  him  " viyoain-fermenf." 

As  in  the  blood-plasma  we  have  a  mother-subBtance  of  fibrin, 
fibrinogen,  bo  also  it  is  considered  that  in  the  muscle -pi  as  ma  we 
have  a  mother-substance  of  myosin,  myosinogen.  This  body  has  not 
thus  far  been  isolated  with  certainty.  Haluborton  found  that 
a  Holution  of  purified  myosin  in  dilute-salt  solution  (b^  MgSO,). 
and  suflBciently  diluted  with  water,  coagulates  after  a  certain 
time,  and  at  the  same  time  becomes  acid  and  a  typical  myosin-clot 
aepiirates.  This  coagulation,  which  is  accelerated  by  warming  or 
by  the  addition  of  myosin-ferment,  is,  according  to  IIalliburtok, 
a  process  analogous  to  the  coagulation  of  the  muscle -plasma.  Ac- 
cording to  this  same  investigutor,  myosin  when  dissolved  in  water 
by  the  aid  of  a  neutral  salt  is  reconverted  into  myosinogen,  while 
after  diluting  with  water  myosin  is  again  produced  from  the 
myosinogen.  These  observations  may,  however,  be  explained  in 
other  ways.  In  these  cases  the  separation  of  the  myosin  is  evi- 
dently closely  connected  with  the  liquid  becoming  acid,  while  the 
separation  of  myosin  from  the  muscle-plasma,  at  least  from  the 
muscle- plasma  of  the  frog,  is  independent  of  this  acidity,  for  it  may 
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take  place  before  the  liqaid  becomes  itcid.  Tlie  mother -Bubstanca 
ot  myoBiu  tuid  the  chemical  processes  of  the  myosiD  coagulutioa  ars 
quoBtions  which  must  uot  be  considered  as  settled. 

HoBcalin,  called  fa.rahyosinooen  by  KALLtnURToN,  is  a  glob- 
itlin  which  is  characterized  by  its  low  coagulation  tem]>erature, 
about  +  47°  C,  which  may  vary  in  different  speoiea  of  auimals 
(4-  45°  in  frogs,  +  51°  C.  in  birds).  It  is  more  easily  dissolved 
than  myosin  by  NaCl  or  MgSO,  (salt  containing  M%  water  of 
crystallization).  Musculln  is  separated  simultitneously  with  myosin 
in  the  coagulation  of  the  mnacle-plaama,  and  it  is  therefore  found 
in  the  clot.  A  solution  which  contains  muscuUn  and  no  myosin 
does  not  coagulate  on  the  addition  of  the  myosin  ferment  (Halli- 
BUKTon).  If  the  dead  muscle  is  extracted  with  water,  the  mus- 
oolin  passea  in  part  into  solution.  The  mnsculin  may  be  isolated 
by  fractional  precipitation  with  magnesium  sulphate  (50  grms.  to 
each  100  cc.  liquid),  and  may  be  identified  by  its  low  coagulation 
temperatnre. 

)Iy<%lofaiilin.  After  the  separation  of  the  mnscnlin  and  the 
myosin  from  the  salt  extract  of  the  muscle  by  means  of  MgSO,  the 
myoglobulln  may  be  precipitated  by  saturating  the  filtrate  with  the 
salt.  It  is  similar  to  scrum  globulin,  but  coagulates  at+ti3°C. 
(Hallibuhton).  Hyoalbnmin,  or  muscle-albumin,  seems  to  be 
identical  with  serum-albumin  (Bernm-albumin  a,  according  to  Hal- 
liburton), and  is  prepared  according  to  the  same  method.  Myo- 
albuinose  (a  deuteroalbumose)  is  found  in  small  quantities  in  the 
mnsclcs.  and  may  be  obtained  by  extracting  with  water  the  finely- 
divided  mass  of  muscle  which  has  previously  been  coagulated  by 
keeping  in  alcohol  for  a  long  time  (Hallibl'btos). 

After  the  complete  removal  from  the  muscle  of  all  albuminooa 
bodies  which  are  soluble  in  water  and  ammonium  chloride,  Dani- 
LBWSRY  claims  that  an  insoluble  albuminous  body  remains  which 
only  swells  in  ammonium-chloride  solution  and  which  forms  with 
the  other  insoluble  constituents  of  the  muscular  fibre  the  "  miiscle- 
gtroma."  According  to  Danilewskt,  the  amount  of  such  stroma 
substance  is  connected  with  the  mnscle  activity.  He  maintains 
that  the  musclos  contain  a  greater  amount  of  this  substance,  com- 
pared with  the  myosin  present,  when  the  muscles  are  quickly  coe- 
traoted  and  relaxed. 
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Hiucle-iyiitoiiiii,  wliich  may  be  obtained  by  extracting  the 
muscles  with  hydrochloric  acid  of  1  p.  m.,  and  which,  according  to 
K.  MftRNER,  is  less  soluble  and  baa  a  greater  aptitude  to  precipitate 
than  other  acid  ulbumins,  seetuB  not  to  occur  pre-existent  in  the 
mueclcB. 

MuscU-coloring  Mailers.  There  is  no  question  that  the  red 
color  of  the  muscles  even  when  completely  freed  from  blood  de- 
pends in  part  on  hjEmoglobiu,  though  it  is  contested  by  many, 
MacMdnn  claims  that  the  muecles  contain  also  another  coloring 
enbstance  which  ie  nearly  related  to  the  blood -coloring  matters  and 
vhose  spectrum  ia  very  similar  to  that  of  hiemocbromogen.  This 
coloring  matter  has  been  called  mj/ohmnatin.  According  to  Levy 
and  Hoppe-Setler,  this  myobtematin  is  nothing  but  hiemocliromo- 
gen,  which  ia  produced  from  oxyhtemoglobin  by  decomposition 
and  reduction.  Neverthelesa  MacMunn  still  adheres  to  his  view 
that  myohsematin  is  an  independent  coloring  substance,  and  in  sup- 
port of  his  opinion  he  adduces  the  fact  that  myohiematin  is  found 
also  in  the  muscleB  of  insects  in  which  no  hasmoglobin  occurs. 


Extractive  Bodies  of  the  Muscles. 

The  nilrogenited  extractives  consist  chiefly  of  creatin,  in  the 
proportion  of  2^  p.  m.,  in  the  fresh  muscles  containing  water,  alix) 
the  naiithin  bodies,  hypoxanthin  and  xanthin,  besides  yuauin  and 
carnin.  The  average  quantity  of  hypoxautbin,  xanthiu,  and  guanin 
in  1000  parts  of  the  dried  substance  of  the  muscles  of  oxen  ia, 
according  to  Eosbel,  respectively  3.30,  0.53,  and  0.30  grms.,  and  in 
the  embryonic  oi-mugcles  respectively  3.59,  1,11,  and  4.12  grms. 
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Uric  add,  urea,  Murin,  iiuii  lenein  nre  found  aa  truccB  in  the  n 

cotUId  owes  only,  in  a  tew  Bpnles  of  Biiimals.  In  regard  lo  the  amount  of 
tbasediffereDt  extraciives  In  the  niuwies,  Kkukrnbkro  nod  Waonkr  Imve 
■howti  that  h  varies  jrreBlly  In  dilTcr<'iit  ntiiniBlH.  A  large  amount  of  ui-ea  Is 
toaaA  Id  ihe  muscles  of  the  sliark  and  roy  ;  uric  odd  ia  found  hi  alligniors  : 
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The  xunthin  bodieB,  with  the  exception  of  camin,  have  been 
treated  on  pages  47-53,  and  therefore  among  the  extractive  bodies 
we  will  firrit  consider  the  diBciiBsion  of  creatin, 

Creatin,  CjHiNjO,  -f  H,0  or  methylguanidin-acetic  acid, 
NH:C{NII,).N(CHj}.CH^COOH-|-U,0,  occure  in  the  muBclea  of 
vertebmte  animals  in  variable  amounts  in  liiffercnt  species  ;  the 
largest  amount  is  found  in  birds.  It  is  also  found  in  the  brain, 
blood,  tranaudtttionB,  and  the  amniotic  fluid.  Creatin  may  be  pre- 
pared synthetically  from  cyauamid  and  sarcosine  {methylglycocoll). 
On  boiling  with  baryta-water  it  decomposes,  with  the  addition  of 
water,  and  yields  area,  sarcosine,  and  certain  other  products.  Be- 
cause of  this  behavior  several  investigators  consider  creatin  as  a 
step  in  the  formation  of  urea  in  the  organism.  On  boiling  with 
acids  creatin  ia  easily  converted,  with  the  elimination  of  water,  into 
creatinin,  which  occurs  in  urine,  and  which  has  also  been  found  in 
the  muscles  of  the  dog  by  Mokari  (see  Chapter  XIV). 

Creatin  crystallizes  in  hard,  colorless,  monoelinic  prisms  which 
lose  tJieir  water  of  crystallization  at  100°  C.  It  dissolves  in  74 
parts  of  water  at  the  ordinary  temperature  and  9410  parts  abso- 
lute alcohol.  It  dissolves  more  easily  with  the  aid  of  heat.  Its 
watery  soltition  has  a  neutral  reaction.  Creatin  is  not  dissolved  by 
ether.  If  a  creatin  solution  is  boiled  with  precipitated  mercuric 
oxide,  this  is  reduced  to  mercury  and  oxalic  acid,  and  the  disgust- 
ing-smelling methylunimin  (methylguanidin)  is  developed.  A 
solution  of  creatin  in  water  is  not  precipitated  by  basic-lead  acetate 
but  gives  a  white,  flaky  precipitate  with  mercurous  nitrate.  When 
boiled  for  an  hour  with  dilute  hydrochloric  acid  creatin  is  con- 
verted into  creatinin,  and  may  be  identified  by  its  reactions. 

The  preparation  and  detection  of  creatin  is  best  performed  by 
the  following  method  of  Np.ubaukr,  which  was  first  need  in  the 
preparation  of  creatin  from  muscles.  Finely-cut  flesh  is  extracted 
with  an  equal  weight  of  water  at  -}-  55"  to  60  C.  for  10-15  minutes, 
pressed  and  extracted  again  with  water.  The  albumin  is  removed 
from  the  united  extracts  as  far  as  possible  by  coagulation  at  boiling 
heat,  the  filtrate  precipitated  by  the  careful  addition  of  basic-lead 
acetate,  the  lead  removed  from  this  filtrate  by  HjS  and  carefully 
oonceDtr»ted  to  a  small  volume.     The  creatiu,  which  crystailizes  in 
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%  feir  days,  is  collected  ou  a  filter,  waahod  with  alcohol  of  88^,  and 
purified,  when  necesaary,  by  rec  rye  tall  ization.  The  quaQtitstive 
estiiRation  of  creatin  is  performed  according  to  the  eanic  method. 

Caniin.  CH.N.O,  +  H,0.  is  one  of  llie  subBtaiicPB  found  by  Wbtoki-  tn 
AmericsD  meat  extract.  It  tins  also  beeu  found  liy  KjtcKSNBSRa  tuid  Wao- 
HER  id  frog-muscles  and  in  the  Besh  of  flsb,  and  by  Poucb&t  m  urine.  As 
previously  eiaLed  (page  48),  camin  may  be  converted  into  hyposnDtbui  hy 
tneans  of  oxidation. 

Caruin  baa  been  obtained  as  a  white  crystnlllne  mass.  It  disflolves  ivitb 
difficutiy  in  cold  water,  but  diasolvea  easily  in  warm.  It  U  insoluble  In  atco- 
hol  and  etber.  tt  dissolves  in  warm  bydrocbloric  acid  and  yields  a  salt  ciys' 
tallUing  in  shining  needles,  which  gives  a  double  comhtnuliou  with  plaliuum 
chloride.  Its  waierv  solution  is  precipitated  by  silver  uiinitc.  but  this  precipi- 
tate la  ocilber  dissolved  by  ammonia  nor  by  warm  nitric  acid.  Camln  does 
not  give  the  ao-ca!Ied  Weidgl's  xantbio  reactiou.  Its  watery  solution  is 
precipitated  by  baaic-lead  acetate ;  still  the  lead  combinations  may  he  dissolved 
on  boiling. 

We  must  also  Include  among  the  nitrogenized  extractives  those  bodies 
whicji  were  discovered  by  Gavttkb.  and  which  occur  in  very  small  quan- 
tities, namely,  the  leucomaloes  :  xantiiocreatinin.  C.HnNiO,  erutocreatinm, 
C.U.N,0,  ampMcreatin,  Cill,.N,0,.  iiad pirudacanthin,  C.HoN.O. 

The  non-nitrogenized  extractive  bodies  of  the  muscles  ara 
inosit,  glycogen,  sugar,  and  lactic  acid. 

Inout,  CtHijO, -f  n,0.  Thia  boily,  discovered  by  Sctibbbb,  ia 
not  a  carbohydrate,  but  belongs  to  the  aromatic  series  and  seems 
to  be  hejoihydroiybenzol  (Maquenne).  With  hydroiodic  acid 
it  yields  benzol  and  tri-iodopheuol,  and  on  oxidation  with  nitric 
acid,  tetra-oxychinon.  luoeit  is  found  in  the  muscles,  liver,  spleen, 
kidneys,  super-renal  cavity,  lungs,  brain,  testicles,  and  in  the  urine 
in  pathological  oases.  It  is  found  very  widely  distribnted  in  the 
regetable  kingdom,  especially  in  unripe  fruits,  in  green  beans, 
{pkttsaohis  vtilgaris),  and  therefore  it  is  also  called  phaseomanhit. 

Inosit  cryGtallizes  in  Inrge,  colorless,  rhombical  crystals  of  the 
monoclinic  system,  or,  if  not  pure  and  if  only  a  small  quantity 
crystallizes,  it  fonns  groups  of  fine  crystals  similar  to  cauliflower. 
It  looses  its  water  of  crystallization  at  110°  C„  also  if  exposed  ta  i 
the  air  for  a  long  time.     Such  exposed  crystals  are  non -transparent* 
and  milk-white.     The  crystals  melt  at  317°  C.     Inosit  dissolves  ia  I 
six  parts  of  water  at  ordinary  temperature,  and  the  solution  baa  a 
sweetish  taste.     It   is  insoluble  in   strong   atd^hol   and  in   ether, 
Inosit  does  not  ferment  with  beer-yeast;  it  dissolves  copper  oiyhy- 
dnte  in  alkaline  solutions,  but  does  not  reduce  on  boiling.    It  girei 
ttegfttive  results  with  Mooee's  or  Bottqkbt'Alhbn's  bismuth  t 
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If  iiiosit  is  evaporated  to  dryuess  on  a  platinum  foil  Tith  uitric 
acid  and  the  residue  treiited  with  ammonia  and  a  drop  of  calcium- 
chloride  BOlutiou  and  c«re(ully  re-evaporated  to  drynesu,  a  beautiful 
roee-red  residue  i&  obtained  (Scheber's  inoait  test).  II  we  evapo- 
rate an  inoBit  solution  to  incipient  dryness  and  moisten  the  rebidue 
with  a  little  mercuric-uitrate  solution,  we  obtain  a  yellowish  residue 
on  drying,  which  becomes  a  beautiful  red  on  strongly  beating. 
The  coloration  disappears  on  cooling,  but  it  reappears  on  gently 
wanning  (Gallois's  inoait  test). 

To  prepare  iuoeit  from  a  liquid  or  from  a  watery  extract  of  a 
tisaue,  tne  albumin  is  first  removed  by  coagulating  at  boiling  heat. 
The  filtrate  is  precipitated  by  sugar  of  lead,  this  filtrate  boilM  with 
basic-lead  acetate  and  allowed  to  stand  34--48  hours.  The  precipi- 
tate thus  obtained,  which  contains  all  the  inosit,  is  decomposed  in 
water  by  U,3.  The  filtrate  is  strongly  concentrated,  treated  with 
2-4  vols,  hot  aicobol,  and  the  liouid  removed  as  soon  as  possible  from 
the  tough  or  flaky  masses  which  ordinarily  separate.  If  no  crystals 
separate  from  the  liquid  within  S4  hours,  then  treat  with  ether  until 
the  liquid  has  a  miiky  appearance  and  allow  it  to  stand.  In  the 
presence  of  a  sufficient  quantity  of  ether,  ci^stale  of  inosit  separate 
within  24  hours.  The  crystals  thus  obtained,  as  also  those  which 
are  obtained  from  the  alcoholic  solution  directly,  are  rec ry stall iaed 
by  redisBolving  in  very  little  boiling  water  and  t!ie  addition  of 
3-4  vols,  alcohol. 

Glycogen  is  a  constant  constituent  of  the  living  muscle,  while  it 
may  be  absent  in  tlie  dead  muscle.  The  amount  of  glycogen  varies 
in  the  different  muscles  of  the  same  animal.  Bouu  found  10  p.  ni. 
glycogen  in  the  muscles  of  cats,  and  moreover  he  found  a  greater 
amount  in  the  muscles  of  the  extremities  than  in  those  of  the  rump. 
(iKiJTZNER  obtained  more  glycogen  from  the  white  muscles  of 
mammalia  than  from  the  red  ones.  The  food  also  has  a  great  influ- 
ence, lidnu  found  1-4  p.  m.  glycogen  in  the  muscles  of  fasting 
animals  and  7-10  p.  m.  after  partaking  of  food.  Lucbsinoer 
maintains  an  opinion,  formerly  generally  accepted,  that  in  starvation, 
or  if  there  is  a  lack  of  carbohydrates  in  the  food,  glycogen  disap- 
pears more  quickly  from  the  muscles  than  from  the  liver;  but  ac- 
cording to  Aldehoff,  exactly  the  reverse  takes  place.  The  glyco- 
gen disappears  more  quickly  in  starvation  from  the  liver  than  from 
the  muscles,  not  only  in  hens,  as  obaerved  by  Weiss,  but  also  in 
other  animals,  such  as  the  pigeon,  rabbit,  oat,  and  horse. 
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Kuele-sngmr,  of  which  traces  only  occar  in  the  liring  mnacle 
and  which  is  probably  formed  after  the  death  of  the  muscle  from 
the  mnacle-glycogen,  is  perhape  grape-sugar  (glucose),  A^an  inter- 
mediate step  in  this  sugar  formation  we  must  mention  dextrin, 
which  ie  sometimes  found  in  the  musclee.  Perhaps  thisdextrm  faae 
been  confonnded  with  giyct^n. 

luetic  Aeid*.  Of  the  four  acids  of  tfae  formula  C^,0,  there  is 
one,  hydracrylic  acid,  which  is  not  found  in  the  animal  organism. 
The  statements  as  to  the  occurrence  of  another,  etbylen  lactic 
acid  (in  meat  extract),  are  disputed.  Elhidene  kctic  acid, 
CH,.  CH(0H).COOH.  is  of  physiol<^co-ehemical  importance. 
Two  mwlificalioDB  occur — the  optically  inactire  fbruentatiox 
LACTIC  ACID,  and  the  optically   active,  dextro-gyrate  parai^ctic 

ACn>,  or  SABCOLACTIC  ACID. 

The /•rm«n/fl/w«  iactic  acid,  which  is  formed  from  milk-sugar 
by  allowing  milk  to  sour  and  by  the  acid  fermentation  of  other 
carbohydrates,  is  considered  to  exist  in  email  quantities  In  the 
muscles  (IIeintz),  in  the  gray  matter  of  the  brain  (Gscheidlks), 
and  in  diabetic  urine.  During  digestion  this  acid  is  also  found  in 
the  contents  of  the  etomacfa  and  intestines,  and  as  alkali  lactate 
in  the  chyle.  The  paraiactic  acid  is,  at  all  events,  the  true  acid  of 
meat  extracts,  and  this  alone  has  been  found  with  certainty  in  dead 
muecle.  That  tactic  acid  which  is  found  in  the  spleen,  lymphatic 
glands,  thymna,  thyroid  gland,  blood  (traces),  bile,  pathological 
tnnsudatiouB,  osteomalicous  bones,  in  perspiration  in  puerperal 
feTer,  and  in  the  urine  after  excessive  marches,  in  acute  yellow 
atrophy  of  the  liver,  in  poisoning  by  phospoms,  especially  after 
extirpation  of  the  lirer  (in  geese,  according  to  Minkowski,  in  frogs 
by  Harccse  and  Wbbthbb),  seems  to  be  paraiactic  acid. 

The  lactic  acids  are  amorphoas.  Tbey  have  the  appearance  of 
colorless  or  faintly  yellowish,  acid -reacting  syrnps  which  mix  in  all 
pro))ortion8  with  water,  alcohol,  or  ether.  The  salts  are  soluble  in 
water,  and  most  of  them  in  alcohol.  The  two  acids  are  different!' 
ated  from  each  other  by  their  different  optical  properties — paraiactic 
acid  being  dextro-gryate,  wiiile  fermentation  lactic  acid  is  optically 
inactive — also  by  their  different  aolabilitics  and  the  different 
•mounta  of  water  of  crystallization  of  the  calcium  and  zinc  salts. 
Tfae  sine  salt  of  fermentation  lactic  acid  dissolves  in  58-^3  parts  of 
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water  atl4°-15°  C.  and  contains  18.1 8i<  water  of  crystallization,  cor- 
respoDtiing  to  tlie  formula  Zn(C,HtOg)s  -{-  3H,0.  The  zinc  salt  of 
paraloctic  acid  disaolves  in  17.5  parta  of  water  at  the  ahove  temper- 
ature and  contains  ordinarily  13.9^  water,  corresponding  to  the 
formula  Zu(CjHiO,),  + 311,0.  The  calcium  salt  of  fermentation 
lactic  acid  dissolves  iu  9.5  parts  water  and  contains  29.32<t 
(=5  moi.)  water  of  cryatallization,  while  the  calcium  paralactate 
dissolves  iu  13.4  parts  water  and  contains  24,83  or  26,31^(=4or4i 
mol.)  water  of  crystallizatiou.  Botli  calcium  salts  crystallize,  not 
unlike  tyrosin  in  spheres  or  tufts  of  very  fine  microscopic  needles. 

Lactic  acids  may  be  detected  in  organs  and  tissues  in  tlie  follow- 
ing manner:  After  complete  extraction  with  water  the  albumin  is 
removed  by  coagulation  at  boiling  temperature  and  the  addition  of 
a  small  quantity  of  sulphuric  acid.  The  liquid  is  then  exactly 
neutralized  while  boiling  with  caustic  baryta,  and  tlien  evaporated 
to.  a  syrup  after  filtration.  Tiie  residue  Is  precipitated  with  absolute 
alcohol,  and  the  precipitate  completely  extracted  with  alcohol. 
The  alcohol  is  entirely  distilled  from  tbe  united  alcoholic  extracts, 
and  the  neutral  residue  is  shaken  with  ether  to  remove  the  fat. 
The  residue  is  taken  up  by  water  and  phosphoric  acid  added,  and 
repeatedly  shaken  with  fresh  quantities  of  ether,  which  dissolve  the 
lactic  acid.  The  ether  is  now  distilled  from  the  several  ethereal 
extracts,  the  residue  dissolved  in  water,  and  this  solution  carefully 
warmed  on  the  water-bath  to  remove  the  last  traces  of  ether  and 
volatile  acids.  A  solution  of  zinc  lactate  is  prepared  from  this 
filtered  solution  by  boiling  with  zinc  carbonate,  and  this  is  evapo- 
rated until  crystallization  commences  and  then  allowed  to  stand 
over  sulphuric  acid. 

Fal  is  never  absent  in  the  muscles.  Some  fat  is  always  found  in 
the  intor-muacular  connective  tissue;  but  the  muscle-fibres  them- 
selves also  contain  fat.  The  amount  of  fat  in  the  real  muscle  sub- 
stance is  always  small,  usually  amounting  to  about  10  p.  m.  or 
somewhat  more.  A  considerablo  amount  of  fat  in  the  muscle-fibres 
is  only  found  in  fatty  degeneration.  Lecithin  is  also  habitually 
found  in  the  muscles. 

The  Mineral  Bodies  of  the  Muscles.  We  have  no  complete 
analyses  of  the  mineral  substances  of  the  pure,  blood-free  muscle 
substance.  The  ash  remaining  after  burning  the  muscle,  which 
amounts  to  about  10-15  p.  m.,  calculated  on  the  moist  muscle,  is 
acid  in  reaotloa.     Tbe  Urgest  constituents  arc  potassium  and  phos- 
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phoric  acid.  Next  in  amoniit  we  bare  sodium  and  niitgnesiuni,  and 
lastly  calcinm,  chlorine,  and  iron  oxide.  Sniphates  only  exist  as 
traces  in  the  muscles,  but  are  formed  by  the  burning  of  the  proteids 
of  the  muscles,  and  therefore  occur  in  abundant  quantities  in  the 
ash.  The  musclea  contain  such  a  large  quantity  of  potassium  and 
phosphoric  acid  that  potassium  phosphate  seems  to  be  unquestion- 
ably the  predominating  salt.  Chlorine  is  found  in  such  ingig;mfi- 
cant  quantities  that  it  is  perhaps  derived  from  a  contamination  with 
blood  or  lymph.  The  quantity  of  magnesium  is  about  double  that 
of  calcium.  These  two  bodies,  as  well  as  iron,  occur  only  in  very 
email  amounts. 

The  ijase^  of  the  muscles  consist  of  large  quantities  of  carbon 
dioxide,  besides  traces  of  nitrogen. 

Bigor  Hortis  of  the  Huiclei.  If  the  influence  of  the  circulating 
oxygenated  blood  is  removed  from  the  muscles,  as  after  death  of 
the  animal  or  by  tying  the  aorta  or  the  muscle -arteries  (Stbs- 
bon's  test),  rigor  mortis,  sooner  or  later  takes  place.  The  ordinary 
rigor  appearing  under  these  circumstances  is  called  the  spontaneous 
or  the  fcrmentive  rigor,  because  it  seems  to  depend  in  part  on  the 
action  of  an  enzyme.  A  muscle  may  also  become  stiff  for  other 
reasons.  The  muscles  may  become  momentarily  stiff  by  warming, 
in  the  case  of  frogs  to  40°,  in  mammalia  to  48''-50°,  and  in  birds 
to  53°  C.  (heat-rigor).  Distilled  water  may  also  produce  a  rigor  in 
the  muscles  (water-rigor).  Acids,  even  when  very  weak,  such  as 
carbon  dioxide,  may  quickly  produce  a  rigor  (acid-rigor),  or  hasten 
its  appearance.  A  number  of  chemically  different  substances,  such 
as  chloroform,  ether,  alcohol,  ethereal  oils,  caffein,  and  many  alka- 
loids, produce  a  similar  effect.  That  rigor  which  is  produced  by 
means  of  acids  or  other  agents  which,  like  alcohol,  coagnlate 
albumin  must  be  considered  as  produced  by  entirely  different  pro- 
cesses than  tlie  spontaneous  rigor. 

The  time  within  which  the  spontaneous  rigor  occurs  depends 
upon  the  temperature;  a  low  temperature  retarding  and  a  high 
temperature  hastening  its  appearance.  Muscular  activity  also  exer- 
cises an  appreciable  influence  on  the  rigor  of  the  muscles,  for  a 
previous  active  contraction  accelerates  the  rigor  of  the  muscles;  the 
mechanical  abuse  of  the  muscles  acts  in  the  same  way.  The  appear* 
ance  of  spontaneous  rigor  is  under  the  influence  of  the  central  nerr* 
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oua  ByBtem,  and  a  muacte  whoae  nerve  has  been  severed  atiffens 
more  slowly  than  one  wlioae  contimiity  with  the  central  nervoiiB 
Byatem  has  not  been  destroyed  (Hekuann  and  his  pupils  v.  Eisel- 
BERO,  V.  Gender  and  Bierfrkitnd).  The  nervonB  syatem  seems 
also  to  have  a  similar  influence  on  the  post-mortem  acidification  of 
the  muscles  (Gross).  Hermann  and  his  pnpiU  consider  the  rigor 
mortis  as  a  slowly-proceeding  muscular  contraction,  identical  with 
the  ordinary  muBcukr  contraction,  but  it  is  difficult  at  this  time 
to  determine  as  to  the  correctness  of  this  view  from  a  chemical 
staudpoiut. 

When  the  muscle  passes  into  rigor  mortis  it  becomes  shorter  and 
thicker,  harder  and  n on- transparent,  less  ductile  and  acid.  The 
chemical  processes  which  take  place  in  this  step  are  the  following  : 
By  the  coagulation  of  tlie  plaama  a  myosin-clot  is  produced  which 
is  the  cause  of  the  hardening  and  of  the  diminished  tranEparency 
of  the  muscle.  The  appeanmce  of  this  clot  may  be  hastened  by  the 
simultaneous  occurrence  of  lactic  acid.  Carbon  dioxide  is  also 
formed,  which  does  not  seem  to  be  a  direct  oxidation  product, 
Herm&nn  claims  that  carbon  dioside  is  produced  in  the  removed 
muscle,  even  in  the  absence  of  oxygen,  when  it  passes  into  rigor 
vwrlin.  The  quantity  of  carbon  dioxide  and  lactic  acid  produced 
on  the  acidification  of  the  muscle  is  not  dependent  upon  the  quick- 
ness or  slowness  of  the  rigor  mortis  (Kanke,  Hermann).  It  is  not 
known  from  what  mother-su balance  theae  acids  are  formed.  The 
most  probable  explanation  is  that  carbon  dioxide  and  lactic  acid  are 
produced  from  glycogen,  and  the  fact  that  the  glycogen  in  the 
muscle  decreases  on  stiEFening  has  been  aaserted  positively  (Nasse, 
Wekther).  On  the  other  aide,  BoBU  has  shown  that  cases  are 
found  in  which  the  glycogen  is  not  diminished  on  stiffening,  and  he 
has  also  found  that  the  quantity  of  lactic  acid  produced  is  not  pro- 
portional to  the  quantity  of  glycogen.  Under  these  circumstances, 
as  the  muscles  of  starving  pigeona,  which  are  free  from  glycogen, 
yield,  according  to  Damant,  lactic  acid  after  death,  it  is  hardly 
possible  that  the  two  above  acids  are  formed  from  glycogen.  The 
only  remaining  explanation  is  that  they  originate  from  the  proteids 
or  certain  other  not  well-known  constituents  of  the  muscles. 

After  the  muscles  have  been  stiff  for  some  time  they  relax 
again  and  become  softer.     This  may  partly  depend  on  their  becom- 
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ing  strongly  acid  and  the  myoBin-clot  diasolviDg  iu  the  aoid,  aud 
partly,  and  in  uU  probability  muiiily,  upon  a  putrefaction. 

Exchange  of  Hsterial  in  the  Inactive  and  Active  Uoulei.  It  a 
admitted  by  a  number  of  pramiiient  invBstigatora,  PpLtroER  and 
GoLASANTt,  ZuNTZ  and  RouKiG,  and  others,  that  the  eschange  of 
material  iu  the  muscles  is  regulated  by  the  nervouB  system. 
When  at  rest,  when  there  is  do  mechanical  exertion,  we  have  a 
condition  which  Zuntz  and  Eohrio  have  designated  "chemical 
tonus."  This  tonus  seems  to  be  a  reflex  touus,  for  it  may  be  re- 
duced by  diecontinuiug  the  connection  between  the  muscles  and 
the  central  orgtm  of  the  nervous  system  by  cutting  through  the 
spinal  marrow  or  the  muscle-nerves,  or  by  paralyzing  the  same  by 
means  of  curara  poison.  It  may  also  be  reduced  or  checked  by 
adjusting  the  temperaturo  between  the  skin  and  the  surrounding 
medium ;  or  it  may  be  increased  by  the  reverse,  by  irritating  the 
nerves  of  the  skin  by  cooling.  The  possibility  of  reducing  the 
chemical  tonus  of  the  muscles  by  any  of  the  above-meutioned 
means,  but  especially  by  the  action  of  curara,  offers  an  important 
means  of  deciding  the  extent  and  kind  of  chemical  processes  going 
on  in  the  muscles  when  at  rest,  Iu  comparative  chemical  investi- 
gation of  the  processes  in  the  active  and  in  the  inactive  mnsolee 
several  ways  of  procedure  have  been  adopted.  The  removed 
homologous,  active  and  inactive  muscles  have  been  compared,  also 
the  arterial  and  venous  muscle-blood  in  rest  and  In  activity,  aud 
lastly  the  total  exchange  of  material,  the  receipts  and  expenditures 
of  the  organism,  have  been  investigated  under  these  two  conditions. 

By  investigations  accordiug  to  these  several  methods,  it  has 
been  found  that  the  active  muscle  takes  up  oxygen  from  the  blood 
and  returns  to  it  carbon  dioxide,  and  also  that  the  quantity  of 
oxygen  taken  up  is  greater  than  the  oxygen  contained  in  the  car- 
bon dioxide  eliminated  at  the  same  time.  The  muscle,  therefore, 
holds  in  some  form  of  combination  a  part  of  the  oxygen  taken  up 
while  at  rest.  During  activity  the  exchange  of  material  in  the 
mnscle,  and  therewith  the  exchange  of  gas,  is  increased.  The 
animal  organism  takes  up  considerably  more  oxygen  in  activity 
than  when  at  rest,  and  eliminates  also  considerably  more  carbon 
dioxide  (Reokault  and  Reisi^t  aud  others).  The  quantity  of 
oxygen  which  leaves  the  body  as  carbon  dioxide  is,  during  activity, 
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considerably  larger  than  tlie  quiintity  of  oxygen  taken  np  at  tlie 
same  time;  and  tiie  venous  mnecte-blood  is  poorer  in  oxygen  and 
richer  in  carbon  dioxide  during  activity  than  during  rest  (LcDWio 
and  SczELKOW  and  others).  The  exchange  of  gases  iu  the  muscles 
during  activity  is  the  reverse  to  when  at  rest,  for  the  active  muscle 
gives  up  a  quantity  of  carbon  dioxide  which  does  not  correspond 
to  tlie  quantity  of  oxygen  taken  up,  but  is  considerably  greater. 
It  follows  from  this  that  in  muscular  activity  not  only  oxidation 
takes  place,  but  also  splitting  processes.  This  follows  also  from  the 
fact  that  removed  blood-free  muscles,  when  placed  in  au  iitmoa- 
phere  devoid  of  oxygen,  can  labor  for  some  time  and  also  yield  car- 
bon dioxide  (Herman'n). 

During  muscular  inactivity  a  consumption  of  glycogen  takes 
place.  This  is  inferred  from  the  observations  of  several  investiga- 
tors that  the  quantity  of  glycogen  is  increased  and  its  correspond- 
ing conenmption  reduced  in  those  muscles  whose  chemical  tonus  is 
lowered  either  by  cutting  through  the  nerve  or  for  other  reasons 
(Beknard,  McDonnel,  Chandelon,  and  others.  After  cutting 
the  nerve  Makche  obtained  no  doubtful  results).  In  activity  this 
consumption  of  glycogen  is  increased,  and  it  has  been  positively 
proved  by  the  researches  of  several  investigators  (Nassb,  Bruckb 
and  Weiss,  KiJLz.  MABcrs£,  Mancue)  that  the  quantity  of  gly- 
cogen in  the  muscles  in  activity  quickly  and  abundantly  decreased. 
By  investigating  with  the  muscles  in  sUu,  especially  on  the  levaior 
labii  snperioris  of  a  horse,  CnA0VEAU  and  Kauphank  have  not 
only  confirmed  the  above  facts  in  regard  to  the  exchange  of  gas 
during  rest  and  activity,  but  they  also  found  that  the  muscles 
remove  sugar  from  the  blood,  and  indeed  considerably  more  during 
activity  than  when  at  rest.  They  found  (calculating  the  amount 
found  in  1  gramme  of  muscle  per  minute  to  1  kilo  per  honr)  that 
1  kilo  of  muscle  removes  2.186  grms.  sugar  from  the  blood  per 
hour  during  rest,  while  it  removes  8.416  grms.  per  hour  in  activity. 
QciNQUADD  has  also  observed  a  consumption  of  sugar  from  the 
blood  during  activity.  On  comparing  the  amount  of  carbon  which 
the  muscles  remove  from  the  blood  as  sugar  with  the  amount  they 
give  off  as  carbon  dioxide,  Chauvbai'  and  Kalfmann  found  that 
in  raet  more  carbon  was  taken  up  than  given  off.  wiiile  during 
activity  this  condition  was  reversed.     From  these  facta  it  is  claimed 
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by  them  that  daring  rest  glycogen  is  formed  from  the  sngar,  and 
also  tliat  in  activity  other  bodies  besides  sugar  are  transformed  in 
the  muscles. 

The  tiintly  alkaline  or  amphoteric  reaction  of  the  inactive 
muscles  is  changed  during  actirity  to  an  acid  reaction  (DcBois- 
Beyxoxd  and  others),  and  the  acid  reaction  to  a  certain  point 
increases  with  the  worlc  (Heidekhain).  The  quickly-contracting 
pale  muscles  produce,  according  to  Gleiss,  more  acid  during  ac- 
tivity than  the  more  slowly-contracting  red  muscles.  The  acid 
reaction  appearing  during  activity  was  formerly  coneiderod  due  to 
the  formation  of  lactic  acid,  a  view  which  has  been  contradicted  by 
ASTAscHEwsKT,  Pfluoeb  and  Warren,  who  found  leas  htctic  acid 
in  the  tetanized  muscle  than  when  at  rest.  According  to  the 
recent  and  more  carefully  coudnctcd  invostigatioDs  of  Mabcuse, 
which  have  since  been  confirmed  by  Webtdeb,  there  is  no  doubt 
that  free  lactic  acid  is  actually  produced  in  the  muscle  during 
activity.  According  to  Wkyl  and  Zeitleb,  the  active  muscle  con- 
tains a  larger  amount  of  phosphoric  acid  (formed  at  least  in  part 
from  the  decomposition  of  lecithin)  than  the  resting  muscle;  and 
the  acid  reaction  of  the  active  muscle  may,  therefore,  in  part  be 
due  to  the  acid  phosphate. 

The  amount  of  albumin  in  the  removed  muscles  is,  according  to 
Bahke  and  Nawrocbi,  decreased  by  work.  The  correctness  of 
this  statement  is,  however,  dispnted  by  other  investigators.  Also 
the  older  statements  in  regard  to  the  nitrogenized  extractive  bodies 
of  the  muscle  in  restanj  iuactivityarenncertain.  Accordingtothe 
rocont  researches  of  Monabi,  the  total  quantity  of  crestin  and 
creatinin  is  increased  by  work;  and  indeed  by  an  excess  of  muscular 
activity,  the  amount  of  creatinin  is  especially  augmented.  The 
cntatinin  is  formed  essentially  from  the  creatin.  In  excessive 
activi^  MoxARi  also  found  xantho-creatinin  in  the  mnscle,  and 
the  quantity  was  one  tenth  of  that  of  the  creatinin.  The  quantity 
of  xanthin  bodies  is,  according  to  Monabi,  decreased  under  tha 
influence  of  work.  It  seems  to  have  been  positively  shown  that  the 
active  muscle  contains  a  smaller  quantity  of  bodies  soluble  is 
w^terand  a  larger  quantity  of  bodies  soluble  in  alcohol  than  the 
irerting  mnscle  (Helmholtz). 

An  attempt  ha«  been  made  to  solvi;  the  question  relative  to  the 
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behavior  of  the  nitrogeuized  coustituents  of  the  muscle  at  rest 
and  during  activity,  by  determiniug  the  total  quantity  of  nitrogen 
eliminated  under  these  different  conditions  of  the  body.  While 
we  in  the  past  agreed  with  the  viewB  of  Liebig  that  the  elimination 
of  nitrogen  by  the  urine  was  increased  by  muscular  work,  the 
researches  of  several  experimenters,  especially  those  of  VoiT  on 
dogs  and  VoiT  and  Pettenkofer  on  man,  have  led  to  quite  differ- 
ent resultB.  Tbey  have  shown  that  during  work  no  increase  or  ouly 
a  very  insignificant  increase  in  the  elimination  of  nitrogen  tukes  place. 
We  must  not  conceal  the  fact  that  wo  have  a  series  of  experimenta 
which  show  a  significant  increase  in  the  exchange  of  protelds  during 
or  after  work.  We  have  as  example  the  observations  of  Flint  ' 
and  Pavy  on  a  pedestrian,  v.  Wolpp,  v.  Funke,  Kreuzhagb 
and  Kellmeh  on  a  horse,  and  lately  those  of  Arqutissky  on  him- 
self, which  show  an  undoubted  increase  in  the  elimination  of 
nitrogen  during  or  after  work. 

The  elimination  of  nitrogen  is  mainly  dependent  uj)on  causes 
which  will  be  spoken  of  later  (Chapter  XV),  such  as  the  quantity 
and  composition  of  the  food,  the  condition  of  the  adipose  tissue, 
the  action  of  work  on  the  respiratory  mechanism,  etc.,  etc.,  all  of 
which  can  hardly  have  received  snfSciout  consideration  in  the  last- 
mentioned  experiments.  The  sirong  proof  which  the  very  careful 
experiments  of  VoiT  and  of  Pbttenkofer  and  VoiT  furnish  in 
support  of  this  theory  is  hardly  destroyed  by  these  investigations; 
though  we  must  admit  that  this  question  is  still  somewhat  unsettled. 
Even  if  we  consider  that  muscular  work  does  not  cause  any 
increase  in  the  elimination  of  nitrogen,  which  has  been  quite  posi- 
tively proved,  etiU  we  do  not  exclude  the  possibility  of  an  increased 
exchange  of  proteids  in  the  muscle.  It  is  possible  on  account  of 
the  functional  exchange  action  of  the  organs,  of  which  Hanke  has 
made  a  special  study,  that  an  increased  exchange  of  proteid  in  the 
muscles  may  be  compensated  hy  a  simultaneous  decreased  exchange 

'  The  lesulia   obtained    by  Prof.  A.  FLINT  were  derived  from  eijK'ri- 


Is  mode  upon  tlie  pedestrian  Weston,  wlio  in  1870,  (n  llie  Americnn  LDSli- 
.  ._  Building  (New  York),  travelled  a  dlsinnce  of  8171  miles  in  five  days. 
Theebemical  part  of  tliework  was  performed  under  tbe  fmmediiilesuperviBfon 


of  Pi'of.  R.  O.  DoREMVB.  For  fifteen  days,  Ave  before.  Qve  diii-ing.  and  Qve 
after  the  wdllt,  ail  ingesla  »nd  excreta  were  weiglicd  or  inenBiired  ami  niialyeed. 
Tbe  experiments  of  Dr.  Paw  were  made  in  Loudon  in  1S76. — Translatus. 
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of  proteid  in  other  organs.  But  however  this  may  be,  the 
modern  view  is,  notwithataading,  tbut  the  exchange  of  proteid  in 
the  muscle  ia  not  increased  by  activity. 

The  iitvestigatious  on  the  amount  of  fat  in  removed  muscles 
during  activity  and  at  reat  have  not  led  to  any  definite  results. 
The  experiments  of  Voit  ou  a  atarving  dog,  and  those  of  Pettbn- 
EOFEa  and  VotT  on  a  man,  offer  stj'ong  proofs  to  shotv  that  an 
increased  decomposition  of  the  fat  takes  place  during  activity. 

If  the  results  from  the  investigations  thus  far  made  of  the 
chemical  processes  going  on  in  the  active  and  inactive  muacle  were 
collected  together,  we  should  find  the  following  characteristics  for 
the  active  muscle.  The  active  muacle  takes  up  more  oxygen  and 
gives  off  more  carbon  dioiide  thau  the  inactive  muscle;  still  the 
elimination  of  carbon  dioxide  is  increased  considerably  more  than 
the  absorption  of  oxygen.  In  work  a  consumption  of  carbohydrates, 
glycogen,  and  sugar  takes  place.  A  consumption  of  sugar  seems 
only  to  have  been  shown  in  muscle  with  blood  cii-culation.  while  a 
consumption  of  glycogen  also  has  been  obaerved  in  removed  muscle. 
Lactic  acid  la  formed  in  activity,  which  is  carried  off  by  the  blood 
ftnd  taken  up  and  consumed  by  the  liver.  Acid-alkali  phosphates 
also  seem  to  he  produced  by  work.  lu  regard  to  the  beliavior  of 
tats  in  removed  muscles  nothing  ia  known  with  certainty,  though  an 
increase  in  the  consumption  of  fat  in  the  organism  has  been  ob- 
served during  actinty.  An  increase  in  the  nitrogenizcd  extractive 
bodies  of  the  creatin  group  aeems  also  to  occur.  In  regard  to  the 
albuminous  bodies  tlie  views  arc  contradictory;  but  an  increased 
elimination  of  nitrogen  as  a  direct  consequence  of  muscular  exer- 
tion has  thus  far  not  been  positively  proved. 

In  close  connection  with  the  above-mentioned  facts  we  have  the 
question  as  to  the  origin  of  muscular  activity  so  far  as  it  has  its 
origin  in  chemical  proceasea.     In  the  paat  the  generally-accepted  J 
opiuion  was  that  of  Liebio.  that  the  source  of  muscular  aotiou  cou- ' 
Bisted  of  a  metabolism  of  the  albuminous  bodies;  to-day  another  \ 
fiew  prevails.     FlcK  and  Wislicencs  climbed  the  Faulhorn  and 
oaloalated  the  amonntof  mechanical  force  expended  in  the  attempt. 
With  this  they  compared  the  mechanical  equivalent  transformed  in 
the  same  time,  from  the  proteida,  calculated  from  the  nitrogen  J 
eUtmiuated  with  the  urine,  and  found  that  the  work  really  performed  1 


waa  not  by  any  meanB  compensated  by  the  coDsumption  of  proteid. 
It  was  therefore  proved  by  this  tliat  albiinitn  alone  cannot  be  the 
source  of  tnuecukr  activity,  and  that  this  depends  in  great  measure 
on  the  metaboliBm  of  non-nitrogenized  aubBtances,  Many  other  ob- 
serrations  have  led  to  the  same  reBult,  especially  the  experiments  of 
Vorr,  of  Pettenkopek  and  Voit,  and  of  other  iiivtstigjitorB,  whose 
experiments  show  that  while  the  elimiuiition  of  nitrogen  remains  tin- 
ohanged,  the  elimination  of  carbon  dioxide  during  work  is  very  con- 
siderably increased.  It  is  also  generally  considered  as  positively 
proved,  that  muscular  work  is  produced,  at  least  the  greatest  part, 
by  the  metabolism  of  non-nitrogenizod  substanceB.  Nevertheless 
we  are  not  warranted  in  the  statement  that  muscular  activity  is 
produced  entirely  at  the  cost  of  the  non-uitrogenized  substance,  and 
that  the  albuminous  bodieB  are  without  importance  as  a  source  of 
force. 

Among  the  non-nitrogenized  bodies  wo  must  accord  to  carbo- 
hydrates, glycogen,  and  sugar  the  fii'at  place  as  eourcea  of  force. 
The  fact  that  the  carbohydrates  are  consumed  during  exertion  has 
been  previously  diacusaed,  and  their  great  importance  as  a  source 
of  activity  is  generally  admitted.  The  most  important  le  glycogeu, 
— not  only  that  which  pre-exists  in  the  muscles,  but  also  that  which 
is  contained  by  the  liver  and  conveyed  by  the  blood  to  the  muscles 
aB  sugar  to  be  used  in  muscular  work.  If  the  consumption  of 
carbohydrates  in  activity  is  positively  proved,  then  the  question 
arises  whether  the  quantity  of  glycogen  or  carbohydrates  which  is 
at  the  disposition  of  the  musclea  is  suflficient  for  the  development 
of  the  living  force  produced  within  them.  Though  it  is  difficult  to 
give  a  positive  answer  to  this  question,  it  still  seems  certain  that, 
at  least  in  some  particular  cases,  the  carbohydrates  are  not  sufficient 
for  the  development  of  this  force.  According  to  statements  whose 
correctness  cannot  be  doubted,  muscles  free  from  glycogen  can  per- 
form work  (Bernard,  Luchsinoer). 

Even  though  no  direct  investigations  on  removed  muscles  have 
shown  any  increase  in  the  consumption  of  fat  during  activity,  still, 
from  the  above-mentioned  experiments  on  the  exchange  of  material, 
WB  conclude  that  the  fats  are  also  undoubtedly  sources  of  muscu- 
lar force.  In  regard  to  the  albuminous  bodies  we  have  no  positive 
direct  observations  which  tend  to  establish  the  importance  uttrib- 
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nted  to  them  by  Liebig  iu  muscular  activity;  but  when  we  con- 
sider that  from  the  albuminons  bodies  not  only  the  fate  proceed  but 
also  the  carbohydrates,  glycogen,  it  is  difficult  to  see  why  the 
source  of  muscular  force  is  not  in  part  due  to  u  metabolism  of  the 
proteida.  Though  it  is  probable  that  in  work  the  carbohydrates  iu 
the  first  place,  and  then  the  fats,  are  consumed  by  an  increased 
exchange,  it  is  therefore  not  improbable  that  the  albuminous  bodies 
also  take  part,  and  that  all  three  chief  groups  of  organic  foods  or 
muHcle-couBtituents  undergo  an  increased  escliange  during  activity 
(Banke). 

Qaaatitative  Composition  of  the  Hascle.  A  large  number  of 
analyses  have  been  made  of  the  Qesh  of  various  animals  for  purely 
practical  purposes,  in  order  to  determine  the  nutritive  value  of 
different  varieties  of  meat;  but  we  have  no  exact  scientific  analyses 
with  sufficient  regard  to  the  <]uantity  of  different  albuminqns 
bodies  and  the  remaining  muscle-coustituents;  or  these  analyses 
being  incomplete  are  of  little  value. 

To  give  the  reader  some  idea  of  the  variable  composition  of 
raUBcle-Bubatauce  we  give  the  following  summary,  chiefly  obtained 
from  IL  B.  HoFMANN'a  book.     The  figures  are  parts  per  1000. 

UubcIm  rram  IiUnitiiBlla.  Birdti.  Cold-blooded. 

Solids 317-355  227-282  200 

WMer 745-783  717-773  800 

Organic  bodies 308-245  217-268  180-190 

luorguiiic  bodies 9-10  10-19  10-30 

MyMln 35-106  39.8-111  29.7-87 

Htroma  subsWoce  (Dakilewhkt),  . . .     78-181  88.0-184  700-131 

Atknli  albuminate 29-30  —                    — 

CreBtin 2  8.4                     2.3 

XanthiDbodies 0.4r^.7  0.7-1.3                — 

Inodnlcacld  (barium  wit) 0.1  0.1-0,8                — 

Protlc  acid —  —                   7.0 

Tuirln 0.7  (horse)  —                   1. 

Inorit 0.03  — 

Glycogen 4-5  —                   8- 

Uotlcocld 0.4-O.7  — 

Phosphoric  add 3  4-4.8 

Potuh 8.0-tO 


Lhne 0.3 

MunetU 0.4 

goillum  chloride 0.04-0.1 

Irou  oxide 0.03-0.1 


MUSCLE.  271 

In  theE6  tables,  which  liave  little  value  because  of  th«  variation 
in  the  compoHition  of  the  mnscles,  we  hiive  no  results  as  to  the 
estimates  of  fat.  Because  of  the  variiible  quantity  of  fat  in  meat 
it  is  harfUj  possible  to  quote  a  jioBitive  average  for  this  body. 
After  most  careful  efforts  to  remove  the  fat  from  the  muscles  with- 
out chemical  means,  it  has  been  found  that  a  variable  amonnt  of 
inter-muBCular  fat,  which  does  not  really  belong  to  the  muscular 
tissue,  always  remains.  The  smalleet  quantity  of  fat  iu  the  mus- 
cles from  lean  oxen  is,  according  to  Groitvbn,  6.1  p.  m.,  and  accord- 
ing to  Petkrben,  7.6  p.  m.  This  last  observer  also  found  habitually 
a  smaller  amount  of  fat,  7.6-8,6  p.  m,,  in  the  fore  quarter  of  oxen, 
and  a  gieater  amount,  30.1-34.6  p.  m.,  in  the  hind  quarter  of  the 
animal.  A  lower  amount  of  fat  has  also  been  found  in  the  muscles 
of  wild  animals.  B.  EoNia  and  Farwick  found  in  the  muscles  of 
the  extremities  of  the  hure  10.7  p.  m.  fat,  and  14.3  p.  m.  iu  the 
muscles  of  the  partridge.  The  muscles  of  piga  and  fattened  ani- 
mals  are,  when  all  the  appending  fat  is  removed,  very  rich  in  fat, 
amounting  to  40-90  p.  m.  The  muscles  of  certain  fishes  also  con- 
tain a  large  amount  of  fat.  According  to  Almen,  the  flesh  of  the 
salmou,  mackerel,  and  eel  contain  respectively  100,  164,  and  339 
p.  m.  fat. 

The  quantity  of  water  in  the  muscle  is  liable  to  considerable 
Tariation.  The  amount  of  fat  has  a  special  influence  on  the  quan- 
tity of  water,  and  we  find,  as  a  rule,  that  the  Qosh  which  is  deficient 
in  water  is  correspondingly  rich  in  fat.  The  quantity  of  water 
does  not  depend  alone  upon  the  amount  of  fat,  but  U)>on  many 
other  circumstances,  among  which  we  must  mention  the  age  of  the 
animal.  In  young  animals  the  organs  in  general,  and  therefore 
also  the  muscles,  are  poorer  in  solids  and  richer  in  water.  In  man 
the  amonnt  of  water  decreases  until  mature  age,  but  increases  again 
towards  old  age.  Work  and  rest  also  influence  the  amount  of 
water,  for  the  active  muscle  contains  more  water  than  the  inactive. 
The  uninterruptedly  active  heart  should  therefore  be  the  muBcle 
richest  in  water.  That  the  amount  of  water  may  vary  independ- 
ently of  the  amount  of  fat  is  strikingly  shown  by  comparing  the 
muscles  of  different  species  of  animals.  In  cold-blooded  animals 
the  muscles  generally  have  a  greitter  amount  of  water,  in  birds  a 
lower.     The  comparison  of  the  flesh  of  cattle  and  fish  shows  very 
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Btrikiugly  the  diSerent  amounts  of  water  (independeut  of  the 
amount  of  fat)  in  the  flsBh  of  different  animals.  According  to  the 
snalyeeg  of  Alubn,  the  musclea  of  lean  oxen  contain  15  p.  m.  fat 
and  767  p.  m.  water;  the  flesh  of  the  pike  contains  onlj  1.5  fat 
and  839  p.  m.  water. 

For  certain  pnrposee,  ae,  for  example,  for  the  teste  of  the  exchange 
of  material,  it  is  important  to  know  the  amount  of  nitrogen  in  the 
floBh.  In  genei-al.  It  may  be  considered  on  an  average  ne  about  3.4<£ 
of  the  fresh  lean  flesh  (Voit).  According  to  Nowak  and  HorPERT 
this  quantity  may  vary  about  0.6;*,  and  in  more  exact  investigations 
it  is  therefore  necessary  to  determine  the  nitrogen. 

Non-striated  UubcUb. 
The  smooth  muscles  have  a  neiiti-a)  or  alkaline  reaction  (Dtr- 
Bois-Rbtmond)  when  at  rest.  During  activity  they  are  acid, 
which  is  inferred  from  the  observations  of  Bernstein,  who  found 
that  the  nearly  continually  contracting  sphincter  muscle  of  the 
Aftadonta  is  acid  during  life.  The  smooth  muscles  may  also, 
according  to  Heidenhain  and  KiJHNE,  pass  into  rigor  vwr/ts  and 
thereby  become  acid.  Because  of  this  behavior  it  is  believed  that 
among  the  alliuminoua  bodies  of  the  smooth  muscles  there  is  also  a 
enbstance  forming  myosin.  A  spontaneonsly  coagulating  plasma 
has  not  thus  far  been  obtained,  but  it  may  be  considered  as  the  juice 
obtained  by  pressing  the  muscles  of  the  Anodonta  and  which 
coagnlates  immediately  at  +  45°  C.  or  within  24  hours  at  the  ordinary 
temperature.  Myosin  has  not  been  found  in  the  smooth  mnscles. 
Heidenhain  and  Hellwio  have  obtained  from  the  Bmooth 
muscles  of  a  dog  an  albuminous  body  which  coagulates  at  -{-ib"- 
49°  0.  and  which  is  analogous  to  musculin.  The  smooth  muBcles 
contain  large  amounts  of  alkali  albuminates  besides  an  albumin 
coagulating  at  +  75°  C. 

Hcemoglobin  occnra  in  the  smooth  mnscles  of  certain  animals,  hut 

is  ubsi'iit  in  othei-H.    Cieatin  has  been  found  by  Lehmann.   Accord- 

;        .  :   Valenciennes,  the   muscles  of  the  Cepha- 

■'  besides  creaiimn  (vreaiin .').     Of  the  non- 

,    •  _■     '  ■.:■■(•»,  glt/ctigen  and  Inclic  add  have  been  found 

TllgBltoewl  ooustituents  show  the  remarkable  fact 

mM  exceed  the  potassium  combinations. 


CHAPTER  X. 

BRAIN  AND  NERVES. 

Ok  account  of  the  difficulty  of  making  a  mechanical  separation 
and  isolation  of  the  different  tissue  elements  of  the  neryous  central 
organ  and  the  nerves,  we  must  resort  to  a  few  micro-chemical  re- 
actions, chiefly  to  qualitative  and  quantitative  investigations  of  the 
different  parts  of  the  brain,  in  order  to  study  the  different  chemical 
composition  of  the  cells  and  the  nerve-tubes.  The  chemical  investi- 
gation of  this  part  is  accompanied  with  the  greatest  difficulty;  and 
although  our  knowledge  of  the  chemical  composition  of  the  brain 
and  nerves  has  been  somewhat  extended  by  the  investigations 
of  modern  times,  still  we  must  admit  that  this  chapter  is  yet  to-day 
one  of  the  most  obscure  and  complicated  in  physiological  chemistry. 

Albuminous  bodies  of  different  kinds  have  been  shown  to  be 
chemical  constituents  of  the  brain  and  nerves.  A  part  of  these  are 
insoluble  in  water  and  dilute  neutral-salt  solutions,  and  part  are 
soluble  therein.  Among  the  latter  we  find  albumiii  and  globulin, 
Nucleoalbuminy  which  is  often  considered  as  an  alkali  albuminate, 
also  occurs.  It  seems  unquestionable  that  the  albuminous  bodies 
belong  chiefly  to  the  gray  substance  of  the  brain  and  to  the  axis- 
cylinders.  The  same  remarks  apply  to  nuclein  which  v.  Jaksch 
found  in  large  quantities  in  the  nerve  subtances.  Neurokeratin 
(see  page  35),  which  was  first  detected  by  KuHNE,and  which  partly 
forms  the  neuroglia^  and  which  as  a  double  sheath  envelops  the 
outside  of  the  nerve  medulla  under  Schwank^s  sheath  and  the 
inner  axis-cylinders,  chiefly  occurs  in  the  white  substance  (Kuhnb 
and  Chittekdbk,  Baumstark). 

The  phosphorized  substance  prof  agon  must  be  considered  as  one 

of  the  chief  constituents,  perhaps  the  only  constituent  (Baum- 

BTAKs),  of  the  white  substance.      This  last-mentioned  substance 
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yields  eneiiy,  as  dccompOEition  products,  lecithin,  fatty  acids,  and  a 
nitrogenizod  substanco,  cerebrin/  this  laBt  probably  does  not  occui 
preformed  in  tbo  braiu,  but  is  more  likely  a  product  of  transformu- 
tion  (Bauustark).  That  lecithin  also  is  pre-existont  in  the  brain 
and  nerves  can  hardly  bo  doubted.  The  investigations  thus  far 
made  have  not  sliown  decidedly  whether  iL  is  more  abundant  in  the 
gray  or  white  aiibstance.  Fat/tf  acids  and  neutral  fats  may  be 
prepared  from  the  braiu  and  nerves;  but  as  these  may  be  readily 
derived  from  a  decomposition  of  lecithin  and  protagon,  which  exist 
in  the  fatty  tissue  between  the  nerve-tubos,  it  is  difficult  to  decide 
what  part  the  fatty  acids  and  neutral  fats  play  as  constituents  of 
the  real  nerve -substance.  Cholesterin  is  also  found  in  the  brain  and 
nerves,  a  part  free  and  a  part  iu  chemical  combination  of  which  we 
know  nothing  about  (Baumstahk).  Cliolesterin  seems  to  occur  in 
greater  abundance  in  the  white  substance.  Besides  tliese  snbstances 
the  nervo  tissue,  especially  the  white  substance,  contains  doubtless 
a  number  of  other  constituenta  not  well  known,  and  among  which 
are  several  containing  phosphorus.  Thudichum  asserted  that  he 
had  isolated  a  number  of  phosphorized  Bubatances  from  the  brain 
which  he  divided  into  three  principal  groups;  ivpalines,  mt/elines, 
and  lecilhines.  But  thus  far  this  assertion  has  not  been  confirmed 
by  other  investigators. 

By  allowing  water  to  act  on  the  contents  of  the  medulla,  round, 
or  long  double-contoured  drops  or  fibres,  not  unlike  double-con- 
toured nerves,  are  formed.  This  remarkable  formation,  which  can 
also  be  seen  in  the  medulla  of  the  dead  nerve,  has  been  called 
"  viyelifie  forms,"  and  they  were  formerly  considered  ae  produced 
from  a  special  body,  "  myeline."  Myeline  forms  may,  however,  be 
obtained  from  other  bodies,  such  as  proti^on,  lecithin,  fat,  and  im- 
pure cholesterin,  and  they  depend  on  a  decomposition  of  the  con- 
stituents of  the  medulla,  chicSy  the  protagon. 

The  extrar.livB  bodies  seem  to  be  almost  the  same  as  in  the  mns- 
olea.  We  find:  erwii'iH,  which  may,  however,  be  absent  (BaitM' 
STASK),  xanlhin  bodies,  inosit,  Jartic  acid  (also  fermentation  lactic 
acid),  uric  acid,  jecoriit  (according  to  Baldi,  in  the  human  brain), 
Uid  neuridin,  discovered  by  Briecrr  and  which  is  most  interest' 
ing  because  of  its  appearance  In  the  putrefaction  of  animal  tissues. 
Under  pathological  conditions  leuciii  and  urea  have  been  found  in 
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the  brain.  The  latter  is  also  a  physiological  conatitueDt  of  the 
brain  of  cartilaginous  fishes. 

Of  the  ubove-mentioned  coustituents  of  the  nerve-substance, 
protagon  and  its  decomposition  prodact,  cerebriu,  must  be  specially 
dcBcribed. 

Protagon.  This  body,  which  was  discorered  by  Lieureich,  is  a. 
nitrogenizcd  and  phospburized  aubstaiico  whose  elementary  compo- 
silion,  according  to  Gamgkr  and  Blankenhorn,  is  C  G6.39,  H 
10.69,  N  2.39,  and  P  I.06»  per  cent,  and  wliuee  empirical  formula  is 
CmH,^N,POji.  On  boiling  with  baryta-water,  protagon  yields  the 
decomposition  products  of  lecithiu,  narnuly,  fatty  acids,  glycero- 
phosphoric  acid,  and  choliii  {neuriu?),  and  also  cerebriu.  On  boil- 
ing with  dilute  minenil  acids,  it  yields  among  other  products  a 
substance  which  is  lievo-gyrate,  reducible,  and  fer  men  tabic, 

Protagon  appears,  when  dry,  as  a  white  loose  powder.  It  dia- 
fiolvcB  in  alcohol  of  85  vols,  per  cent  at  +  45°  C,  but  separates  on 
cooling  as  a  snow-white,  fluky  precipitate,  consisting  of  balls  or 
groups  of  fine  crystalline  needles.  Ic  decomposes  on  heating  even 
below  100°  C.  It  is  hnrdly  soluble  in  cold  alcohol  or  ether,  but 
dissolves  on  warming.  It  swells  in  little  water,  decomposes  {Hirtly, 
and  gives  myaline  forms.  With  more  water  it  swells  to  a  gelatinous 
or  pasty  mass,  which  with  much  water  yields  an  opalescent  liquid. 
On  fusing  with  saltpetre  and  soda,  alkali  phosphates  are  obtained. 

Protagon  is  prepared  iu  the  following  way :  An  ox-brain  as 
fresh  as  possible,  with  the  blood  and  membranes  carefully  removed, 
is  ground  fine  and  then  extracted  for  several  hours  with  alcohol  of 
85  vols,  per  cent  at  +  45°  C,  filtered  at  the  same  temperature, 
and  the  residue  extracted  with  warm  alcohol  until  the  filtrate  does 
not  yield  a  precipitate  at  0°  0.  The  several  alcoholic  extracts  are 
cooled  to  0°  G.  and  the  precipitates  united  and  completely  extracted 
with  cold  ether,  which  dissolves  the  cholesterin  and  lecithin-like 
bodies.  The  residue  is  now  strongly  pressed  between  filter-paper 
and  allowed  to  dry  over  sulphuric  acid  or  phosphoric  anliyaride. 
It  is  now  pulverized,  digested  with  alcohol  at  +  45°  C,  filtered  and 
slowly  cooled  to  0°  C.  The  crystals  which  separate  may  be  purified 
when  necessary  by  recrystallization. 

The  same  steps  are  taken  when  we  wish  to  detect  the  presenoe 
of  protagon. 

Cerebrin.  Under  this  name  W.  MiJLLEB  first  described  a  ui- 
trogenized  substance,  free  from  phosphorus,  which  he  obtained  by 
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extracting  a  brain-masa  which  had  been  previooEly  boiled  with 
baryta-water,  with  boiliug  alcohol.  Followiug  a  method  esBentially 
the  sume,  but  differing  somewhat,  Geogueoan'  prepared  from  the 
brain  a  ceiebriu  with  the  same  properties  na  Muller's,  but  con- 
taining less  nitrogen.  According  to  Gauges,  this  cerebrin  of 
Oeogheoan  18  a  mixtnre  of  the  cerebrin  produced  by  the  decom- 
position of  the  protagon  and  a  substance  called  by  Gahoee  "  pseiido- 
cerebrin."  Furthermore,  Thcdichom  has  collected  together  nuder 
the  name  "cerebrine"  several  nitrogenized  bodies  free  from 
phosphorus,  such  aa  Mullek's  cerebrin  and  the  newer  bodies 
pkremsine  and  kerosene.  lAstly,  Parcuh  has  endeavored  to  prove 
that  the  cerebrin  described  by  both  Muller  and  Geogheqak  iaa 
mixture  of  three  bodies,  "cerebrin,"  " homocerebrin,"  and  "  en- 
cephaliu." 

From  tbc  above  slntemenls  ft  [a  aeea  Dint  Ihc  cumposiilon  of  tbe  cetebrins 
U  still  uQSettled,  ao  tij&t  wc  caoDOl  adtnil  the  numerical  results  of  uny  \uiea- 
tiguior  as  autboriiative,  nor  can  we  even  take  au  average  as  correct,  and  we 
tberefore  give  below  a  aunimary  of  tbe  reaulta  thus  far  obtaiued  : 

C  H  N 

Holler's  cerebriu 68. 4S  11.30  4.S0  per  cent 

Geoghegan'a  cerebrin 68.74  10.91  1.44  " 

Parcus'a  cerebrin  69.08  11.47  2.18 

Parcns'8  bomocerabrin 70  08  II.IW  2.23  " 

Parcus's  encepbalia 68.40  11.60  8.09  " 

Oamgee'a  paoudocercbrin 68.80  11.87  l.BS  " 

Thudicbum'a  kcraseoe 68.90  11.36  1.74  " 

Aa  OBoOHEGAir'a  cerebrin  baa  tbe  lowest  amount  of  nitro^n,  and  m  tbe 
ualyaea  of  tbis  investigator  agree  well  wilb  cacti  other,  it  ia  dimcuU  lo  undar- 
■land  bow  tbis  cerebrin  can  be.  as  Pahcus'  claima.  a  mixture  of  IxNJles 
ricber  in  nitroren  wbicb  were  prepared  by  this  iaat-named  iuveatlgator.  Ou 
(be  othier  band,  Parcus  has  found  n  coDSIaot  composltioa  for  tbe  cerebrin 
Irreapeclive  whelbcr  it  was  recryBlaJllzed  two,  five,  or  eight  limes,  and  ll  is 
liiereTore  quite  na  unjuatltiiible  to  question  his  results.  Future  researcbes  are 
required  to  elucidate  thia  question.  Oamoss'b  pseudocerebrln  and  Thddi- 
CBm*a  kerasene  have,  wltb  the  exception  of  tbe  amount  of  hydrogen,  eo  atm- 
llar  a  composition  that  Ibey  may  be  considered  as  Idenlical. 

The  producla  of  decompoBillou  of  the  cerebrius  posaeia  a  rerlain  Interest. 
By  the  action  of  coocentraial  aulpburic  a<dd  Oeoghboan  oliialiied  a  Idbvo- 
gynte.  reducible  subsiauce.  wbicb  is  not  sugar  but  an  acid.  As  chief  product 
a  BulMtiinc«  Is  obiaiued  whlcb  be  called  "  cetylid."  CnHnO. ,  and  wbicb  on 
fuaing  wltb  cnusilc  uoiasb  yields  niarsb-gas.  hydrogen,  and  palmitic  acid. 
According  to  litm,  this  cctylid  is  probably  a  denvative  of  cetyl-alcobol. 

Of  special  interest  is  tho  proof,  as  firet  shown  by  Thudichum 
I  und  lately  finbetantiated  by  Thibkfeldeb.  that  on  heating  the  bo- 
f  finUed  cerebrin  with  dilute  eulphuric  acid   a   glucose  is  split  oS. 
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Ttiis  glucose  10,  as  Tbierfeldeb  h&a  proved,  ideaticsi  with  oalao- 

TOSB. 

If  we  put  aside  the  above  differences  in  the  composition  amj 
certain  aomewhat  differing  statemente  in  regard  to  the  qualitative 
reactions  of  cerebrin,  there  are  still  a  few  general  reactions  for  all 
cerebriD  preparations  which  may  be  employed  in  their  detection. 
From  these  lately-described  properties  it  has  been  claimed  that, 
besides  in  the  brain  and  nerves,  cerebrin  occure  in  the  pus-cells, 
and  in  the  electric  organ  of  the  ray.  Geooheuan  has  also  found 
it  iu  a  cancer  of  the  liver. 

Cerebrin,  as  generally  described,  is  in  the  dry  state  a  loose, 
purely  while,  odorless  and  tasteless  powder.  On  heating  it  becomes 
brown  at  about  80°  C,  puffs  up.  ou  coutiuuiug  the  heat  melts  and 
gradually  decomi>oses.  It  is  insoluble  in  water,  cold  alcohol,  or 
ether,  also  in  dilute  caustic  alkaU  or  baryta-water.  It  swells  in 
boiling  water,  formiag  a  pasty  mass.  Il  dissolves  in  boiling  alcohol 
(also  ether),  but  on  cooling  a  docculent  precipitate  separates,  which 
on  microscopic  examination  is  found  to  consist  of  a  series  of  balls 
or  grains.  Cerebrin  is  chiefly  characterized  by  these  properties, 
and  by  its  yielding  a  reducible  substance  on  boiling  with  dilute 
mineral  acids. 

The  Pabcl's's  cerebrin  differs  from  the  ordinary  in  the  follow- 
ing particulars  :  it  is  not  soluble  in  boiling  ether;  on  warming  it 
melts  without  decomposing  (which  takes  place  at  145°-160°  C);  it 
gives  a  light  yellow  solution  with  concentrated  sulphuric  acid,  and 
it  swells  very  little  in  cold  water. 

The  noMOCBREBRiN  nnd  ENCBPRiiLiN  of  Pahocs  remala  lo  the  mother 
liquor  after  theprtcipitBllun  of  Ihe  Impure  cerebriu  from  the  ilcohol,  Thesu 
bodies  liftve  a  teoilency  to  separate  as  gtlutlaous  umsa  Homocerebrio,  wlifrb. 
accordluE  lo  Pakctth.  la  homuloEiiiis  lo  cerebrin.  is  dmilur  to  It.  bul  diatolvrs 
more  easily  iu  tritvm  alcohol  aoa  alio  lu  wanii  elher.  It  may  also  be  gbuloeil 
as  extremely  Boe  ueedles.  EtictpUaliD  U  claimed  by  Parcus  to  be  a  pmdiid 
of  the  melamorphosls  of  cerebrin.  Id  the  perfectly  pure  state  it  crystolliKea 
Id  small  plates.  It  swells  io  warm  water,  formlDg  a  pasty  tnoss.  Like  llie 
cerebrin  and  the  homocembin.  Il  yielkls  a  reducible  substauce  on  boiling  with 
dilute  acids. 

Gahoke'b  PBECDOCEitEBKra,  wtilcb  lisa  Uius  far  Doi  been  closely  sludied.  Is 
obtaiued  as  a  by'produci  in  the  recryslalltzaliou  of  prutagou. 

The  cerebrins  are  generally  prepared  according  to  MOlleb's 
method.  The  brain  is  first  stirred  with  bjiryta-water  until  it  ap- 
pears  like  thin  milk,  and  then  it  is  boiled.    The  insoluble  parts 
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are  removed,  pressed,  and  repeatedly  boiled  with  alcohol,  which  is 
filtered  while  boiling  hot.  The  impure  cerebrin  which  separates 
on  cooling  is  freed  from  cholesterin  and  fat  by  means  of  ether,  and 
then  purilied  by  repeated  solution  in  warm  alcohol.  According 
to  Parcus,  this  i-epeated  eolutioti  in  alcohol  is  continued  until  no 
gelatinous  separation  of  homocerebriu  or  encephalin  takes  place. 

According  to  Geooheqan's  method,  the  brain  is  first  extracted 
with  cold  alcohol  and  ether  and  then  boiled  with  alcohol.  The 
precipitate  which  separates  on  the  cooling  of  the  alcoholic  filtrate 
IB  treated  with  ether  and  then  boiled  with  baryta-water.  The  in- 
soluble residue  is  purified  by  repeated  solution  in  boiling  alcohol. 

The  cerebrin  may  also  be  obtained  from  other  organs  by  em- 
ploying the  above  methods.  The  quantitative  estimation,  when 
snch  is  desired,  may  be  performed  in  the  same  way. 

Htorldls,  CiHiiN,  .ta  a  noD-poieonoiiB  dlamin  discovered  byBRiBOER,  and 
wblcli  was  obtain(rd  by  lilm  in  tbu  putrefaction  of  ineiit  and  gelatiae.  It 
also  occurs  uuder  pliy Biological  condiliona  la  (be  brnin,  and  as  traces  io  the 
yolk  ot  the  egi;. 

Neuridin  dissolves  in  water,  and  yields  on  boiltognltb  alknlica  a  mixture  of 
dlmetby  lamia  and  trlmetbylamln.  It  dissolves  with  difficulty  in  amy  I -alcohol. 
It  is  insoluble  !□  eiher  or  absolute  alcobol.  In  the  free  etjtie  neurldia  has  a 
peculiar  o<lor.  suggesting  semen.  Wilh  hydrochloric  acid  il  gives  a  combl- 
nntloD  crysialliKiiig  to  long  needles.  Wiib  platiuic  chloride  or  guld  chloride 
it  gives  crystallizable  double  combinatiouii  wbieli  are  valuable  in  its  prepara- 
tion and  deleciion. 

The  so-called  coitPusc(Ti.A  ahtlacba.  which  occur  on  the  upper  surface 
of  the  braiu  and  in  Ihe  pituitary  gland,  are  colored  more  or  less  pure  violet  by 
iodiue  and  more  blue  by  sulphuric  acid  nud  iodine.  Tliey  couslst,  perhaps, 
of  llie  same  substauce  as  certain  prostatic  calculi,  but  they  have  not  been 
closely  invesligated. 

Quanlitative  Composilion  of  (fie  Brain,  The  qnsntity  of  water  is 
greater  in  the  gray  than  in  the  white  substance,  and  greater  in  new- 
born or  young  individuals  than  in  grown  ones.  The  brain  of  the 
fwtuB  cont4iins  879-036  p.  m.  water.  According  to  the  obaerratioos 
of  Weibbach,  the  amount  of  water  in  the  several  parts  of  the  brain 
(and  in  the  mednlla)  varies  at  different  ages.  The  following  fig- 
ures are  in  1000  parte  ;  A  for  men  and  B  for  women. 
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Quantitative  analyses  of  the  brain  have  also  been  made  by 
Petrowbkt  on  an  ox-brain  antl  by  Baumstark  on  the  brain  of  a 
horee.  In  the  analyses  of  Petkowsky  the  piotagou  hiia  not  been 
considered,  and  all  organic,  phosphorized  substances  were  calcu- 
lated as  lecithin.  On  these  grounds  these  analyses  are  not  of  much 
value  from  a  certain  standpoint.  In  Baumstark'8  analyses  the 
gray  and  the  white  substance  could  not  be  sufficiently  sepamted. 
and  these  analyses,  on  this  account,  show  partly  an  excess  oE  white 
and  partly  an  excess  of  gray  substance ;  nearly  one  half  of  the 
orgiinii;  bodies,  chiefly  consisting  of  bodies  soluble  in  ether,  could 
not  be  exactly  analysed.  Neither  do  these  analyses  give  sufficient 
explanation  of  the  quantitative  composition  of  tho  brain. 

The  analyses  made  up  to  the  present  time  give,  as  above  stateJ, 
an  equal  division  of  the  organic  constituents  in  the  gray  and  white 
substance.  In  the  analyses  of  Pethowskv  the  quantity  of  albumin 
and  gelatine-forming  eubstances  in  the  gray  matter  was  somewhat 
more  than  one  half,  and  in  the  white  about  one  quarter  of  the 
solid  organic  substances.  The  quantity  of  cholesterin  in  the  white 
was  about  one  half,  and  in  the  gray  substance  about  one  fifth,  of 
the  solid  bodies.  A  greater  quantity  of  soluble  gaits  and  extractive 
bodies  was  found  in  the  gray  snbstjince  than  in  the  white  (Baum- 
btabk).  The  following  analyses  of  Bafmstark  give  the  most  im- 
portant known  constituents  of  the  brain  calculated  in  1000  parts 
of  the  fresh,  moist  brain.  A  represents  chiefly  the  white,  and  B 
chiefly  the  gray,  substance. 

A.  B. 

Wnler flfW.fiS  766.97 

8„lida 304.G5  230.08 

ProWgon -'5.11  10.8(> 

Insoluble  albumia  and  connective  tlsmie SO.03  00.79 

Choleaterin.  free   18.19  6.80 

combined 26.96  IT.fil 

Nuplein 2.94  \M 

Neiirokerslin 18.98  10.48 

Mtneral  bodies 8.28  0.68 

The  remainder  of  the  solids  probably  conBists  chiefly  of  lecithin 
and  other  phosphorized  bodies.  Of  the  total  amount  of  phos- 
phorus, 15-20  p.  m.  belongs  to  the  nnclein,  50-60  p.  m.  to  the 
protagon,  150-160  p.  m,  to  the  ash,  and  770  p.  m.  to  the  lecithin 
and  the  other  phosphorized  organic  Bubstances. 
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The  quantity  of  neurokeratin  in  the  nerves  and  in  the  different 
parts  of  the  brain  has  been  carefully  determined  by  Kuhne  and 
Chittenden.  They  found  3.16  p.  m.  in  the  plexus  bracbialis, 
3,12  p.  m.  in  the  edge  of  the  cerebellum,  23.434  p.  m.  in  the  white 
BubBtanco  of  the  large  brain,  25.72-29.02  p.  m.  in  the  white  Bub- 
Btance  of  the  corpns  callosum,  and  3.27  p.  m.  in  the  gray  substance 
of  the  edge  of  the  large  brain  (when  free  as  poBsible  from  white 
Bubstance). 

The  quantity  of  mineral  constituents  in  the  brain  amouuts  to 
2.95-7.0S  p.  m.,  according  to  Oeoqheoan.  He  found  in  1000  parts 
of  the  fresh,  moist  brain  0.43-1.32  01,  0.956-2.016  PO.,  0.244-0.796 
CO.,  0.102-0.220 SO.,  0.01-0.098 Fe,(PO,)j, 0.005-0.022 Ca,  0.016- 
0.072  Mg,  0.58  to  1.778  K,  0.450-1.114  Na.  The  gray  Bubatanoe 
yields  an  alkaline  ash,  the  white  an  acid  ash. 

Appendix. 


The  Tiuae  and  Floidt  of  the  Eye. 

The  retina  contains  in  all  81S-880  p.  m.  water,  72-102  p.  m. 
proteid  bodies — myosin,  albumin,  and  mucin  (?),  9-32  p.  m.  lecithin, 
and  2.7-10.6  p.  m.  salts  (Hoppe-Sevler  and  Kahn).  The 
mineral  bodies  conaiat  of  420  p.  m.  Na,HPO,  and  350  p.  m.  NaCI, 

Those  bodies  which  form  the  different  segments  of  the  rods 
have  not  been  closely  studied,  and  the  greatest  interest  ia  therefore 
connected  with  the  coloring  matters  of  the  retina. 

Viaoal  purple,  also  called  rhodopsin,  erythropsin,  or  visual  red, 
ia  the  pigment  of  the  rods.  Boll  observed  in  1S7G  that  the  layer 
of  rods  in  the  retina  during  life  had  a  purplish-red  color  which 
was  bleached  by  the  action  of  light.  Kuhne  showed  later  that  this 
rod  color  might  remain  for  a  long  time  after  the  death  of  the  ani- 
mal if  the  eye  was  protected  from  daylight  or  investigated  by  a 
Bodinm  light.  By  these  conditions  it  was  also  possible  to  isolate 
and  closely  study  this  substance. 

Visual  red  (Boll)  or  visual  purple  (Kuhxe)  has  become  known 
mainly  by  the  investigations  of  Kijhne.  The  pigment  occurs 
chiefly  in  the  rods  and  only  in  their  outer  parts.  In  animals  whose 
retina  has  no  rods  the  visual  purple  is  absent,  and  is  also  necesasrily 
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absent  in  the  macula  lutea.  In  a  variety  of  bat  (rhinohpltua  hip- 
posideros),  in  hens,  pigeons,  and  new-born  rabbits,  no  visual  purple 
baa  been  found  in  the  rods. 

A  Bolntion  of  visual  purple  in  water  which  contaiuB  2-5!* 
crystallized  bile,  the  beat  solvent  for  it,  is  purple-red  in  color,  quite 
clear,  and  not  fluoreBcent.  On  evaporating  this  solution  in  vamo,  we 
obtaiu  a  residue  similar  to  ammonium  carminate  which  contains 
violet  or  black  grains.  If  the  above  solution  ia  dialyzed  with  water, 
the  bile  is  diffused  and  the  visual  purple  separates  as  a  violet  mass. 
Under  all  circumstances,  even  wheu  still  in  the  retina,  the  visual 
purple  is  quickly  bleached  by  direct  sunlight,  and  with  diSuaed 
light  with  a  rapidity  corresponding  to  the  intensity  of  the  light.  It 
passes  from  red  and  orange  to  yellow.  Red  light  bleaches  the 
visual  purple  slowly;  the  ultra-red  light  does  not  bleach  it  at  alL 
A  solution  of  visual  purple  shows  no  special  absorption -bands,  but 
only  a  general  absorption  wjjich  extends  from  the  red  side,  beginning 
at  D,  to  the  line  G.    The  strongest  absorption  is  found  at  E. 

Visual  purple  when  heated  to  52''-53°  C.  is  destroyed  after  several 
hours,  and  almost  instantly  when  heated  to  +  Tli^O.  It  is  also 
destroyed  by  alkalies,  acids,  alcohol,  ether,  and  chloroform.  On  the 
contrary,  it  resists  the  action  of  ammonia  or  alum  solution. 

Ab  the  visual  purple  is  easily  destroyed  by  light,  it  must  there- 
fore also  be  regenerated  during  life.  Ki'HNE  has  also  found  that 
the  retina  of  the  eye  of  the  frog  becomes  bleached  when  exposed  for 
a  long  time  to  strong  sunlight,  and  that  its  color  gradually  returns 
when  the  animal  is  placed  in  the  dark.  This  regeneration  of  the 
visual  purple  is  a  function  of  the  living  cells  in  the  layer  of  the 
pigment  epithelium  of  the  retina.  This  may  be  inferred  from  the 
fact  that  a  detached  piece  of  the  retina  which  has  been  bleached 
by  light  may  have  its  visual  purple  restored  if  the  detached  piece 
of  the  retina  be  carefully  laid  on  the  chorioidea  having  laj'ers  of  the 
pigment  epithelium  attached.  The  regeneration  has,  it  seems, 
nothing  to  do  with  the  dark  pigment,  the  melanin  or  fuscin,  in  the 
epithelium  cells.  A  partial  regeneration  seoms,  according  to 
KuHSE,  to  be  possible  in  the  completely-removed  retina.  On  ac- 
count of  this  property  of  the  visnal  purple  of  being  bleached  by 
light  during  life,  we  may,  as  Kuhn^e  has  shown,  under  special  con- 
(litions  and  by  observing  special  precautions,  obtain  after  death  bf 
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in  the  lens  of  cattle  an  albumin  occurs  is  nevertheless  easy  to  de- 
monstrate. 

A.  B60HAMF  distiDguishes  the  two  followiDg  albumlDous  bodies  in  the 
wateipr  extract  of  the  crystalline  lens.  Phaeogyfnase,  which  coagulates  at 
4*  55  C,  contains  a  diastatic  enzyme  and  has  a  specific  rotary  power  of 
{a)f  =  —  4r,  and  the  eryitalbumin,  with  a  specific  rotary  power  of 
{aif  =  —  80.8^.  BicHAicp  extracted  from  the  residue  of  the  lens,  which 
WHS  insoluble  in  water,  by  means  of  hydrocoloric  acid,  an  albuminous  body 
which  had  a  specific  rotary  power  of  {a)j  =  —  80.8°  which  be  called  cryBtal- 
fibrin. 

The  lens  does  not  seem  to  contain  any  albuminous  body  which 
coagulates  spontaneously  like  fibrinogen.  That  cloudiness  which 
appears  after  death  depends,  according  to  Euhke,  upon  the  un- 
equal changing  of  the  concentration  of  the  contents  of  the  lens- 
tubes.  This  change  is  produced  by  the  altered  ratio  of  diffusion.  A 
cloudiness  of  the  lens  may  also  be  produced  in  life  by  a  rapid 
removal  of  water,  as,  for  example,  when  a  frog  is  plunged  into  a  salt 
or  sugar  solution  (Eunde).  The  appearance  of  cloudiness  in 
diabetes  has  been  attributed  by  some  to  the  removal  of  water. 
The  views  on  this  subject,  however,  do  not  accord. 

The  average  results  of  four  analyses  made  by  Laptschinsky  of 
the  lens  of  oxen  are  here  given,  calculated  in  parts  per  1000: 

Albuminous  bodies 849. 8 

Lecithin 2. 8 

Cholesterin 2.2 

Pat 2.9 

Soluble  salts 5.3 

Insoluble  salts 2.8 

In  cataract  the  amount  of  albumin  is  diminished  and  the  amount 
of  cholesterin  increased. 

The  corneal  tistne  has  been  previously  treated  of  (page  237). 
The  sclerotica  has  not  been  closely  investigated,  and  the  chlorioidea 
is  chiefly  of  interest  because  of  the  coloring  matter,  melanine,  it 
contains  (see  Chap.  XIII). 

Tears  consist  of  a  water-clear,  alkaline  fluid  of  a  saltish  taste. 
According  to  the  analyses  of  Lerch,  they  contain  982  p.  m.  water, 
18  p.  m.  solids,  with  5  p.  m.  albumin  and  13  p.  m.  NaCl. 
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Tb^  jtKdjBomk  :iiia  «Hiri);sgk  cm  -tffc^^frw  ttndds  whichy  besides 
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^>htMi>'K  4tfia  .u  .Mnaux  ftniiwyfr  taamfc)  :iIb»  fltscm.  The  quantity 
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>«$«jis  a^««^   M  .rnsQMdUMil  4Hy&Bnit  ^atctmmifti     The  organic  sab- 


CHAPTER  XI. 
ORGANS  OF  GENERATION. 

(a)  Hale  Generative  Secretions. 

The  testes  have  been  little  investigated  chemically.  We  find 
in  the  testes  of  animals  albuminous  bodies  of  different  kinds,  serum 
albumin,  alkali  albuminate  (?),  and  an  albuminous  body  related  to 
RoviDAs'  hyaline  substance,  also  leucin,  tyrosin,  creatin,  xanthin 
bodies,  cholesterin,  lecithin,  inosit.  And  fat.  In  regard  to  the  occur- 
rence of  glycogen  the  statements  are  somewhat  contradictory. 
Dareste  found  in  the  testes  of  birds  granules  similar  to  starch, 
which  were  colored  blue  with  diflSculty  by  iodine. 

The  semen  as  ejected  is  a  white  or  whitish-yellow,  viscous, 
sticky  fluid  of  a  milky  appearance,  with  whitish,  non-transparent 
lumps.  The  milky  appearance  is  due  to  semen-fibres.  Semen  is 
heavier  than  water,  contains  albumin,  has  a  neutral  or  faintly- 
alkaline  reaction,  and  a  peculiar  specific  odor.  The  semen  of  bulls 
has  an  acid  reaction.  Soon  after  ejection  semen  becomes  gelati- 
nous, as  if  it  were  coagulated,  but  afterwards  becomes  more  fluid. 
When  diluted  with  water  white  flakes  or  shreds  separate  (Hbnle's 
fibrin).  According  to  the  analyses  of  Vauquelin,  the  human 
semen  contains  900  p.  m.  water  and  100  p.  m.  solids,  with  60  p.  m. 
organic  and  40  p.  m.  inorganic  substance,  of  which  30  p.  m.  is  cal- 
cium phosphate.  Among  the  albuminous  bodies  Posker  claims 
that  propeptone  occurs  even  in  the  absence  of  the  semen-fibres. 

The  semen  in  the  vas  deferens  differs  chiefly  from  the  ejected 
in  that  it  is  without  the  peculiar  odor.  This  last  depends  on  the 
admixture  with  the  secretion  of  the  prostate.  This  secretion,  ac- 
cording to  Iversek,  has  a  milky  appearance  and  ordinarily  an 
alkaline  reaction,  very  rarely  a  neutral  one,  contains  small  amounts 
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of  proteids  and  mineral  bodies,  especially  NaCl.  Besides  these  it 
conUins  a  cryatalliDe  combination  of  pliosphoric  acid  with  a  base, 
C,H,N.  This  combination  has  been  called  Bottohkr's  spermine 
crystals,  and  it  is  claimed  that  the  specific  odor  of  the  semen  ia  due 
to  a  partial  decomposition  of  these  crystals. 

The  crystals  which  appear  on  alowly-evapo rating  the  semen, 
and  which  are  also  observed  in  anatomical  preparations  kept  in 
alcohol,  and  in  desiccated  egg-albumiu,  are  identical,  according  to 
ScHREiNBK,  with  CHARCOTS  Crystals  found  in  the  blood,  and  in 
the  lymphatic  glands  in  leucaemia.  They  are,  according  to  Schbei- 
NBK,  a  combination  of  phosphoric  acid  with  a  base,  C,H^,  which 
he  discovered,  and  this  base  is,  according  to  Ladenscrh  and  Abel, 
probably  ftkyhtiiinin. 

The  umen-flbres  (spermatozoa)  show  a  great  resistance  to 
chemical  reagents  in  general.  They  do  not  dissolve  completely  in 
concentrated  sulphuric  acid,  nitric  acid,  acetic  acid,  nor  in  boiling- 
hot  soda  solutions.  They  are  dissolved  by  a  boiling-hot  caugtic- 
potash  solution.  They  rfsiat  pntrefaction,  and  after  drying  they 
may  be  obtained  again  in  their  original  form  by  moistening  them 
with  a  1^  common-salt  solution.  By  careful  heating  and  burning 
to  an  ash  the  shape  of  the  spermatozoa  may  be  seen  in  the  ash.  The 
quantity  of  ash  is  about  50  p.  m.  and  consists  mainly  {])  of  potas- 
sium phosphate. 

The  spermatozoa  show  well-known  movements,  but  the  cause 
of  this  is  not  known.  This  movement  may  continue  for  a  very  long 
time,  as  under  some  conditions  it  may  be  ol>served  for  several  days 
in  the  bodv  after  death,  and  in  the  secretion  of  the  uterus  long<>r 
tlianaweek.  Acid  liquids  stop  theae  movements  immediately;  they 
are  also  deetroyed  by  strong  olkalies,  especially  ammoniacal  liquids, 
also  by  distilled  water,  alcohol,  ether,  etc.  The  movements  continue 
lor  a  longer  time  in  faintly-alkaline  liquids,  especially  in  alkaline 
animal  secretions, and  also  in  properly-diluted  neutral  salt-solutions. 

According  to  the  investigations  of  Miescher.  there  are  lecitkttt 
and  nue/tftn  but  no  cerebrin  in  the  spermatozoa  of  bulls.  The 
head  of  the  spermatotost  I'ontains  nuclein,  which  forms  probably 
the  outer  part  of  the  head:  ijlhumin,  which  forms  the  contents  of 
the  head ;  and  lastly  a  sulwUnce  rich  in  sulphur  which  has  not 
been  studied.    The  tail  dissolves  in  gastric  juice  after  conunuoua 
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digestion,  uiid  aeeine  to  consist  of  albuminous  bodies,  or  bodies  | 
cloeely  related,  wbich  sbow  a  variable  resistance  towards  pepsia- 
hydrocbloric   acid.      The   semen   of   bulls   duus  not  contain   any 
adenin,  but  the  other  tliree  xatithin  bodies  treated  of  on  pages 
49-51  (KossEL  and  Schinulek)  are  present. 

The  SFERUATuzoA  of  the  Rhink  saluoh  show,  according  to 
MiESCHER,  a  great  resistance.  With  cuuetjc- potash  and  sodn  solu- 
tions they  give  a  cloudy,  gelatinous  mass  which  le  precipitated  as 
shreds  by  ucide  ;  but  these  slireda  ilo  not  dissolve  iu  itu  excess  of 
tlie  acid.  They  are  strongly  attacked  by  a  10-15;t  Bolution  of 
NaCl  or  NaNOj,  and  the  semen  is  converted  by  such  a  solution 
into  a  stiff  gelatin.  The  head  is  attacked,  but  not  the  tail  or  the 
middle  part.  This  last-mentioned  part,  like  the  tail,  coatatns  albn- 
min,  which  is  dissolved  by  hydroehJoria  acid  of  1  p.  m.,  but  not  in 
NaGl.  MiESCUEK  also  found  lecithin,  fat,  cholesterin,  gitanin,  and 
sarkin  in  relatively  largo  amounts  in  the  salmon-soraon.  The 
organic  constituent  occurring  in  the  largest  amount  in  the  aalmoQ- 
semen  is,  according  to  Miiischer,  a  combination  of  nucUin  with 
the  base  prolamin,  C,H^Ni0^01I,  which  is  soluble  in  water  but 
insoluble  in  alcohol  or  ethor. 

According  to  Miescuer  and  Piccard,  the  spermatozoa  of  sal- 
mon contain  48'('  p.  m.  nuclein-protamin  (2G8  p.  m.  protamin), 
103  p.  m.  albuminous  bodies,  75  p.  m.  lecithin,  60-80  p.  m.  guanin 
and  earkin,  23  p.  ra.  cholcsterin,  and  45  p.  m.  fat.  Kobsel  and 
ScBiNDLEU  found  no  guanin,  but  xanlhin  and  large  amonnts  of 
adenin  and  hypoxauthin,  in  the  seuek  of  the  carp. 

Bpornutln  is  a  name  which  has  bceo  given  lo  a  constiiueDt  elmilar  to  alkali 
albunjbiitc.  but  it  has  doI  been  closely  studk'd. 

FiMtatiB  GODOTemanti  are  of  too  kinda.  One  is  very  small,  generally  oval 
iu  sliupe  with  coDceoiric  layers.  Iu  youu^  but  nut  in  older  persons  Ibey  are 
coloi'eij  blue  by  Iodine  (Ivbrsbr),  According  to  Pauuckv.  Ibcy  yield  sugnr 
when  'warmed  wilh  dilute  sulphuric  acid  :  but  IhU  stalement  lins  not  been 
■ubalauliated  by  IvEjtesN.  The  other  kind  is  larger,  sametimes  the  slse  of 
the  bead  of  a  pin,  and  consisting  chietly  of  calcium  pboapliate  (about  700 
p.  m.)  with  only  a  very  small  umouut,  about  160  p.  m.,  organic  aubstauce. 


(b)  Female  Generative  Organs. 

The  stroma  of  the  OToriea  are  of  little  interest  from  a  physio- 
logico-chemical  standpoint,  and  the  most  important  conatitueDl  of 
the  ovaries,  the  Graafian  vesicles  with  the  ortim,  have  thus  far  not 
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been  the  eabject  of  a  carefnl  chemical  investigation.  The  fluid  in 
the  Teeicles  (of  the  cow)  do  not  contain,  as  has  been  stated,  the 
peculiar  bodies,  paralbumin  or  metalbumin,  which  are  foond  in 
certain  pathological  ovarial  flnids,  but  seems  to  hn  a  serous  liquid. 
The  corpora  luiea  are  colored  yellow  by  an  amorphous  coloring-mat- 
ter called  lutein.  Besides  this  another  coloring-matter  sometimes 
occurs  which  is  not  soluble  in  alkali ;  it  is  crystalline,  bnt  not  iden- 
tical with  bilirubin  or  htematoidin  ;  but  it  may  be  identified  aa  a 
lutein  by  its  spectroscopic  behavior  (Piccolo  and  Ltbben,  Eithkb 
and  EwAi.D). 

The  cysts  often  occurring  in  the  ovaries  are  of  special  patho- 
logical  interest,  and  these  may  have  eesentially  different  contents, 
depending  upon  their  variety  and  origin. 

The  terooi  cyst*  (Hydrops  follicxilorom  Graafii),  which  are 
formed  by  a  dilation  of  the  Graafian  vesicles,  contain  n  serous 
liquid  which  has  a  specific  gravity  of  1.U05-1.023.  A  specific 
gravity  of  1.020  is  less  frequent.  Generally  the  specific  gravity  is 
lower,  1.005-1,014,  with  10-40  p.  m.  solids.  As  far  as  is  known, 
the  contents  of  these  cysts  do  not  eseentiully  differ  from  other  serous 
liquids. 

The  proliferous  cysts  (myxoid  cybts,  colloid  cysts).  The 
contents  of  these  cysts  have  variable  properties;. 

We  sometimes  find  in  small  cysts  a  semi-solid,  transparent,  or 
somewhat  cloudy  or  opaleecetit  maea  which  appears  like  solidified 
glue  or  quivering  jelly  and  which  has  been  called  colloid  because  of 
its  physical  properties.  la  other  cases  the  cysts  contain  a  thick, 
tough  mass  which  can  be  drawn  out  into  long  threads,  and  as  this 
mass  in  the  different  cysts  is  more  or  less  diluted  with  serous 
liquids  their  contents  may  have  a  variable  consistency.  The  color 
of  the  contents  is  also  variablo.  In  certJiin  cases  they  are  bluish 
white,  opalescent,  and  in  others  yellow,  yellowish  brown,  or  yellowish 
with  a  shade  of  green.  They  are  oitcn  colored  more  or  loss  choc- 
olate-brown or  red-brown,  due  to  the  decomposed  blood-coloring 
matters.  The  reaction  is  alkaline  or  nearly  neutral.  The  specific 
gravity,  which  may  vary  considerably,  is  generally  1.015-1,030,  but 
may  in  few  cases  be  1.005-1.010  or  1.05O-1.O55.  The  amount  of 
■olids  is  variable.     In  rare  cases  they  amount  to  only  10-20  p.  m. ; 
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oriJiiiarily  they  vary  between  50-70-100  p.  m.  In  a  few  cases 
150-30U  p.  in.  solids  have  beeu  found. 

As  form-el  em  en  ta  we  find  red  and  colorless  Hood -cor puaclea, 
granular  celh,  partly  fat-degeuerated  upitfaelium  and  partly  large 
Bo-called  Gluoe's  cor puBclea,  jinn  granular  tnasss/i,  epiiheUum-celU, 
cholesterin-crystah,  and  colloid  corpunclea — large,  circular,  I'efrautive 
formations. 

Though  the  contents  of  the  proliferous  cyst  may  have  a  variable 
coniposition,  still  it  may  be  characterized  in  typical  cases  by  its 
slimy  or  ropy  consistency;  by  its  grayisli-yeltow,  chocolate-brown, 
soraetimea  whitish-gray  color,  mid  by  its  relatively  high  specific 
gravity,  1.015-1.035.  Such  a  liquid  does  not  ordinarily  show  a  spon- 
taneous fibrin-coagulation. 

We  consider  colloid,  metalbumin  taid  parallnimin  as  character- 
istic constituents  of  these  liquids. 

Colloid.  This  name  does  not  designate  any  particular  chemical 
substance,  bnt  is  given  to  liie  conteuts  of  tumors  with  ceitain 
physical  properties  similar  to  gelatinous  glue.  Colloid  is  found 
as  a  diseaBcd  product  in  several  organs. 

Colloid  is  a  gelatinous  mass,  insoluble  in  water  and  acetic  acid ; 
it  is  dissolved  by  alkalies  and  gives  a  liquid  which  is  not  precipi- 
tated by  acetic  acid  or  by  acetic  acid  and  potassium  ferrocyanide. 
Sometimes  a  colloid  is  found  which,  when  treated  with  a  very 
dilute  alkali,  gives  a  solution  similar  to  a  mucin  solution.  On 
boiling  with  acids  colloid  gives  a  reducible  substiiuce.  It  is  related 
to  mucin,  and  it  is  considered  by  certain  investigators  as  a  trans- 
formed mucin.  A  colloid  found  by  Wortz  in  the  lungs  contains 
C  48.09,  II  7.47,  N  7.00,  and  0  37.44;*.  Colloids  of  difforeiit  origin 
seem  to  have  an  nnequal  composition. 

Metalbumin.  This  name  ScHERERgave  to  a  proteid  substance 
found  by  him  in  an  ovarial  fluid.  The  metalbumin  was  considered 
by  ScHEREK  to  be  an  albuminous  body,  but  it  belongs  to  the  mucin 
group  and  it  is  therefore  called  by  the  author  pseudoniucin. 

FMudomnoin.  This  body,  which,  like  mucin,  gives  a  reducible 
substance  when  boiled  with  acids,  is  a  mucoid  of  the  following 
composition:  C49.7d,  II698,  NI0.38,  81.25.  031.74^  (authob). 
With  water  pseudomuciu  gives  a  slimy,  ropy  solution,  and  it  is  tbia 
substance  which  gives  the  fluid  contents  of  the  gvarial  cysts  their 
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typicul  ropy  property.  Its  solutions  do  not  coagulute  on  boiling 
but  only  become  milky-opaleBcent.  Unlike  mucin  eolutione, 
peeadomiicin  Bolutiona  ure  not  precipitated  by  acetic  acid.  With 
alcohol  tbey  give  a  coarse  flocculent  or  thready  precipitate  which 
only  dlsKolvea  in  filter  or  alcoliol  after  having  been  kept  in  these 
liquids  for  a  long  time. 

Paralbumin  is  another  substance  discovered  by  Scherek  and  ' 
which  occurB  in  ovariul  liquids  and  also  in  ascites  fluids  with  tlie 
simultaneous  presence  of  ovarial  cyate  and  rupture  of  the  same.  It 
18  therefore  only  a  mixture  of  pBendumucin  with  variable  amounts 
of  albnmin,  and  the  reactions  of  paralbumin  are  correEpondingly 
variable. 

The  detection  of  meialbuuin  and  paralbumin  is  naturally  con- 
nected with  the  detection  of  paeudomucin.  A  typical  ovarial  fluid 
containing  psendomucin  is,  as  a  rule,  sufficiently  characterized 
by  its  physica!  properties,  and  a  special  chemical  Investiga- 
tion is  only  necessary  in  cases  where  a  serous  fluid  contains  very 
small  amounts  of  pseudomucin.  We  proceed  in  the  following  way: 
The  albumin  is  removed  by  heating  to  boiling  with  the  addition 
of  acetic  acid;  the  filtrate  is  strongly  concentrated  and  precipitated 
by  alcohol.  The  precipitate  is  carefully  washed  with  alcohol 
and  then  dissolved  in  water.  A  part  of  this  solntion  is  digested 
with  saliva  at  the  temperature  of  the  body  and  then  tested  for  glu- 
cose (derived  from  glycogen  or  dextrin).  If  glycogen  is  present,  it 
will  be  converted  into  glucose  by  the  saliva;  precipitate  again  with 
alcohol  and  then  proceed  as  in  the  absence  of  glycogen.  In  this 
last-mentioned  case,  first  add  acetic  acid  to  the  solution  of  the 
alcohol  precipitate  in  water  so  as  to  precipitate  any  existing  mucin. 
The  precipitate  produced  is  filtered,  the  filtrate  treated  with  S< 
HCI  and  warmed  on  the  wate^-bath  until  the  liquid  is  deep  brown 
in  color.  In  the  presence  of  psendomucin  tnis  solution  givea 
Tbohueb's  test. 

The  other  proteid  bodies  which  have  been  found  in  cystic 
fluids  are  neruvi-globuUn  and  seruni-alltumin,  peptone  (?),  mucin, 
and  mxtcin-piptone  (?).  Fibrin  only  occurs  in  exceptional  cases. 
The  quantity  of  mineral  bodies  on  an  average  amount  to  about 
11)  p.  m.  The  amount  of  extractive  bodies  {cholesterin  and  urec^ 
nnd  fal  is  ordinarily  2-4  p.  m.  The  remaining  solids,  which  con- 
«litnte  the  chief  mass,  are  albuminous  bodies  and  psendomucin. 

The  intraligamentary,  papillary  cysts  contain  a  yellow,  yellowish* 
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greun,  or  browiiiBli-green  liquid  wliich  eitlier  coDtaina  no  pseudo- 
mucia  or — vitii  the  BiniultaneouB  degeneratioti  of  culloid — very 
little.  The  epecific  gravity  is  geuerally  rather  high.  l.u;i'i-1.036  with 
90-100  p.  m.  eolids.  The  principal  constitueatB  are  the  albumiiioas 
bodiea  of  blood-serum. 

The  rare  tttbo-ovarial  cyrt«  contain  as  a  rule  a  watery,  serous 
fluid  coutaiiiiiig  no  pseudumuciu. 

The  parovarial  cysts  or  the  cysts  of  the  lioauenta  lata  may 
attain  a,  conaidemble  eize.  In  geuenil  the  contents  are  watery, 
mostly  very  pale  yellow-colered,  water-clear  or  only  slightly  opales- 
cent liquids.  The  specific  gravity  is  low,  1,002-1.009  ;  and  the 
solids  only  amount  to  10-20  p.  m,  Pseudomucio  does  not  occur  ae 
a  typical  constituent  ;  albumin  is  sometimeB  ubaent,  and  when  it 
does  occur  the  quantity  is  very  small.  The  pi-incipal  part  of  the 
solids  consist  of  »dts  and  extractive  bodies.  lu  exceptional  cases 
the  fluid  may  be  rich  in  albumin,  and  may  show  a  higher  specific 
gravity. 


The  Egg. 

The  small  ova  of  man  and  mammalia  cannot,  for  evident  rea- 
sons, be  the  subject  of  a  searching  chemical  investigation.  Up  to 
the  present  time  the  eggs  of  birds,  amphibians,  and  fishes  have  been 
investigated,  hut  above  all  the  hen's  egg.  We  wilt  here  occupy 
ourselves  with  the  constituents  of  this  last. 

The  yolk  of  the  hen's  egg.  In  the  so-called  white  yolk,  which 
forms  the  nerni  with  a  continuation  reaching  to  the  centre  of  the 
yolk  {latebra)  and  also  a  layer  found  between  the  yolk  and  yolk- 
membrane,  we  find  albtitnin,  imdein,  lecithin,  and  potassium 
{LiEBEHMANN).  The  occurrence  of  glycogen  is  doubtful.  The 
yolk-membrane  consists  of  an  albumoid  similar  in  certain  respects 
to  keratin  (Liebermann). 

The  principal  part  of  the  yolk — the  nntritive  yolk  or  yellow — is 
a  viscous,  non-transparent,  pale-  or  orange-yellow  alkaline  emulsion 
of  a  mild  taste.  The  yolk  contains  vitelUn,  lecithin,  cholesterin, 
fat,  colorinp  matters,  traces  of  neuridin  (BntEOBB),  ylucoj^e  in  very 
small  quantities,  and  tiiineral  hodief.     The  occurrence  of  cerebrin 
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and  of  granules  siaiilar  to  starch  (Dahkste)  hue  iiot  been  positively 
proved. 

OvftTitellin.  This  body  is  generally  considered  ae  a  globulin, 
but  it  resembles  a  nucleoalbuniiu  more.  The  question  as  to  what 
relationship  other  proteid  substances,  such  as  the  aleurone  cry»tal» 
qI  certain  semen,  and  the  so-called  "  doUerpldtlcksn  "  in  the  eggs 
of  certain  Series  and  amphibiuus  which  are  related  to  ovovitellin, 
bear  to  this  substance,  is  a  question  which  requires  further  investi- 
gation. 

The  ovovitellin  which  has  been  prepared  from  the  yolk  of  eggs 
is  not  a  pure  albuminous  body,  but  always  contains  lecithin, 
Hoppe-Setlek  found  2b%  lecithm  in  vitellin  and  also  some  nuclein. 
The  lecithin  may  be  removed  by  boiling  alcohol,  but  the  vitellin 
is  changed  thereby  and  it  is  therefore  probable  that  the  lecithin  is 
chemically  united  with  the  vitullin  {Hoppe-Seyler),  Bunqk 
prepared  a  nuclein  by  digesting  the  yolk  with  gustric  juice,  and  tins 
nuclein,  according  to  him,  is  of  great  importance  in  the  formation 
of  the  blood,  and  on  these  grounds  lie  called  it  hmmalogen.  This 
hsmatogeti — whose  composition  la  as  follows:  0  43.11,  U  6.08,  N 
14.73,  S  0.55,  P  5.19,  Fe  0.29  and  0  31.05^  seems  to  be  a  product 
of  the  decomposition  of  vitelliu. 

Vitellin  is  similar  to  the  globulins  in  that  it  Is  insoluble  in 
water;  hut  on  the  contrary  soluble  in  dilute  neutral-salt  solutions 
(although  the  solution  is  not  quite  trauspareut).  It  in  also  soluble 
in  hydrochloric  acid  of  1  p.  m.  and  in  very  dilute  solutions  of  alka- 
lies or  alkali  carboniitcs.  It  is  precipitated  fiom  its  salt  solution 
by  diluting  with  water,  and  when  allowed  to  staud  some  time  i\, 
contact  with  water  the  vitellin  is  gradually  changed,  forming  a  sub- 
stance more  like  the  albiiminateH.  The  coagulation  tempeiature 
for  the  Bolntion  containing  salt  (NaCl)  lies  between  -j-  70°  and  Td"  0. 
or,  when  heated  very  rapidly,  at  about  +  80°  C.  Vitellin  differs 
from  the  globulins  in  yielding  nuclein  by  pepsin  digestion.  On 
this  account  vitellin,  as  previously  stated  (page  14),  is  considered  as 
t  nucteoalbumin  even  though  it  differs  from  them  in  general  by 
the  coagulation  of  its  neutral  solutions  containing  salt,  at  a  tem- 
perature below  100°  C;  also  by  certain  solubilities  and  precipita- 
tions. Because  of  the  difficulty  of  removing  lecithin  without 
changing  the  properties  of  vitellin  it  ia  necesaary,  since  lecithin  may 
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CBseiitially  change  the  eolubility  and  precipitating  capacity  of  th« 
»IbDniiiioua  body,  to  wait  for  further  iuveBti  gat  ions  before  we  place 
Titelliii  definitely  in  the  globulin  or  nncleoalbumin  group. 

The  chief  points  in  the  preparation  of  ovovitellin  are  as  follows: 
The  yolk  is  thoroughly  afi'^'^'i  ^''''  ether;  t!ie  rosidiie  ie  dissolved 
ill  i\  10^  commoD-siilt  solution,  fiitered,  and  the  vitellin  pi-ectpitated 
by  adding  an  abundance  of  water.  The  vitellin  is  now  purified  by 
repeatedly  rediswlving  in  dilute  common-salt  solutions  and  precipi- 
tating by  water. 

The  yolk  also  contains,  beeidea  vitellin,  alkali-albuminfUe  and 
alintmin. 

The/rt/  of  the  yolk  of  the  egg  is,  according  to  Liebbrmann,  a 
mixture  of  a  solid  and  a  liquid  fat.  The  solid  fat  consists  chiefly  of 
tripiilmitiu  with  some  stearin.  On  the  saiMnificatiou  of  the  egg-oil 
LlEBERMANN  obtained  W%  oleic  acid,  38.04^  palmitic  acid  and 
15.31;<  stearic  acid.  The  fat  of  the  yolk  of  the  egg  contains  less 
carbon  than  other  fate,  which  may  depend  on  the  presence  of 
mono  and  diglycerides  or  on  a  quantity  of  fatty  acid  deficient  in 
carbon  (Libskru.vnk). 

Lutein.  Yellow  or  orange-red  amorphous  coloring  matters 
occur  in  the  yellow  of  the  egg  and  in  several  other  places  in  the 
animal  organism,  for  instance  in  the  bload-serum  and  serous  fluids, 
fatty  tissues,  milk-fat,  corpora  lutea,  and  in  the  fat-globules  of  the 
retina.  These  coloring  matters,  which  also  occur  in  the  vegetable 
kingdom  (Thudichum),  have  been  called  luleinM  or  lipoc/iromei. 

The  luteines,  which  among  themselves  show  somewhat  different 
properties,  are  all  soluble  in  alcohol,  ether,  and  chloroform.  They 
dilfer  from  the  bile-coloring  matter,  bilirubin,  in  that  they  are  not 
separated  from  tht-ir  solution  in  chloroform  by  water  containing 
alkali,  and  also  in  that  they  do  not  give  tbe  characteristic  play  of 
colors  with  nitric  acid  containing  a  little  nitrous  acid,  but  give  a 
transient  blue  color,  and  lastly  they  give  an  absorption -spectrum  of 
ordinarily  two  bands,  of  which  one  covers  the  line  F  and  the  other 
lies  between  the  lines  ^and  G.  Tbe  luteines  withstand  the  action 
of  alkalies  so  that  they  are  not  changed  when  we  remove  the 
fats  present  by  means  of  saponification. 

Tlie  tuielo  from  tlie  yolk  nf  llic  egic  baa  not  been  prcpsred  in  n  pure  slate. 
According  lo  Chkvkkol  bdiI  Q<)BLKT,  llie  yiilk  coDlaiDs  b  partly  red  and  ptn- 
ly  yellow  pigment,     MaLV  biu  Fuiind  two  pIgmcDU  Tree  from  iron  ta  tbe  eggs 
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of  Ihe  wnltr-HpSder  (wfya  iquinado),  one  a  red,  uielUiruMn.  and  the  other  a  yel- 
low plgmeol.  viteliolvlein.  Botb  of  these  pigments  are  colored  bine  by  nitric 
ncld  toutainiug  nitrous  acid,  and  beautifully  grecD  by  contenirated  sulphuric 
acid.  The  absurption-baiidg,  especially  of  the  TJlellolutcin,  correspond  very 
nearly  with  those  of  ovolutein. 

The  mineral  bodies  of  the  yolk  of  the  egg  coneist,  according  to 
PoLECK,  of  61.2-65.7  parts  eods,  89.3-80.5  potaah,  122.1-132.8 
lime,  20.7-21.1  magnesia,  14.5-11.90  iron  oxide,  638.1-667.0  phos- 
phoric acid,  and  5.5-14.0  parts  ailicie  acid  in  1000  parts  of  the  ash. 
We  find  phoBphoric  acid  and  lime  the  most  abundant,  and  then 
potash,  which  ie  somewhut  greater  in  quantity  than  the  aodo.  These 
reenltB  are  not,  however,  quite  correct,  first,  because  no  dissolved 
phosphate  occurs  in  the  yolk  (Liebekmann),  and  secondly,  in 
burning,  phosphoric  and  sulphuric  acids  are  produced  and  these 
drive  away  the  chlorine,  which  is  not  accounted  for  in  tlie  pre- 
ceding analyses. 

The  yolk  of  the  hen's  egg  weighs  abont  12-18  grms.  The 
quantity  of  water  and  solids  amounts,  according  to  Pahkes,  to 
471.9  p.  m.  and  538.1  p.  m.  respectively.  Among  the  solids  he 
found  156.3  p.  m.  albumin,  3.53  p.  m.  soluble  and  6.13  p.  m.  in- 
soluble sttlta.  The  quantity  of  fat,  according  to  Parkes,  is  228.4 
p.  m.,  the  lecithin,  calculated  from  the  amount  of  phosphorus  in 
the  organic  substance  in  the  alcohol-ether  extract,  was  107.2  p.  m., 
and  the  cholesterin  17.5  p.  m. 

The  white  of  the  e^  is  a  faint-yclIowish  albuminous  flnid  en- 
closed in  a  framework  of  thin  membranes  ;  and  this  fluid  is  in  it- 
self very  liquid,  but  seems  viscous  because  of  the  presence  of  these 
fine  membranes.  That  substance  which  forms  the  membranes, 
and  of  which  the  chalaza  consists,  seems  to  be  a  body  nearly 
related  to  horn  substances  (Libbermann). 

The  white  of  the  egg  has  a  specific  gravity  of  1.04B  and  always 
asA  an  alkaline  reaction.  It  contains  850-880  p.  m.  water,  100-130 
p.  m.  albuminous  bodies,  and  7  p.  m.  salts.  Among  the  extractive 
bodies  LkhkaKS  found  a  fermentable  kind  of  sugar  which 
amounted  to  5  p,  m.,  or  according  to  MEieetrER,  80  p,  m. 
these,  we  find  in  the  white  of  the  egg  traces  of  fats,  soaps,  lecithin, 
■nd  cholesterin. 

Tlie  while  of  the  eirg  during  tricubntlon  becomes  traofipareiit  on  boiling 
wnO  acts  111  mxny  respects  like  alkali>nlbuuiinale.  This  atbumlD  Tarcuanoft 
called  "  latitlbumitt." 
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The  albuminous  bodies  of  tlie  white  of  the  egg  belong  partly  to 
the  globulin  and  partly  to  the  albumin  group. 

The  egg-globuliii  is,  according  lo  Dillneb,  closely  related  to 
Be  rum -globulin.  On  diluting  the  white  of  the  egg  with  water  it 
partly  separates.  It  is  also  precipitated  by  magoeeium  sulphate. 
The  quantity  of  globulins  in  the  white  of  the  egg  is  on  an  average 
6.67  p.  m.,  or  about  67  p.  m.  of  the  total  proteida.  According  to 
CoKiN  and  Berakq,  we  have  two  globulins  in  the  white  of  the 
egg,  one  coagulating  at  +  57.5°  C,  and  the  other  at  +  67°  C. 

Ovalbumin,  or  the  albumin  of  the  white  of  the  egg.  The  com- 
position of  this  albumin  is  C  53,35,  II  6.9,  N  15.25,  and  S  1.93;<, 
The  ovalbumin  has  the  properties  of  the  albumins  in  general,  but 
differs  from  serum-albumin  in  the  following  i  The  specific  rotary 
power  ia  lower  a(D)  =  —  38°.  yoiutions  containing  medium 
amounts  of  the  albumin  coagulate  at  -j-  56°  C,  irrespective  whether 
the  amount  of  ealt  present  is  large  or  small.  On  the  contrary,  the 
temperature  of  coagulation  changes  with  a  constant  amount  of  salt, 
but  with  variable  amounts  of  albumin  in  the  solution.  Ovalbumin 
is  quickly  rendered  inaolnble  by  alcohol.  It  is  precipitated  by  a 
sufficient  quantity  of  nitric  or  hydrochloric  acid,  but  it  dieaolvcs 
with  more  difficulty  in  an  excess  of  these  acids  than  the  serum-al- 
bumin. Ovalbumin  in  solution,  when  introduced  into  the  blood- 
circulation,  passes  into  the  urine,  which  is  not  the  case  with  serum- 
albumin. 

Accoritiug  to  Gaotier  sod  Bechavf.  ovalbumin  ie  a  mUture  of  two 
albumina  with  s  coagulallon  temperature  60° -63°  aod  IV-'ii'  C.  reapecUvely. 
According  to  Corin  tuui  Berard.  It  is  a  mixture  of  three  albumins  wlilj  u 
cnagiilati  on  ■temperature  respectively  67°,  TS",  and  82*  C.  PerliapB  the  fHCt 
has  been  overlooked  that  llie  coagulaliou-temperoture  of  ovolbuuiiu  is 
changed  bj  variable  amounts  of  albumin  In  solulioD. 

Ovalbumin  is  obtained  by  precipitating  the  globulins  with 
MgSO,  at  -j-  30°  0.  and  saturating  the  filtrate  with  Na,SO,  at  the 
same  temperature.  The  ovalbumin  which  separates  is  filtered. 
pressed,  dissolved  in  water,  and  freed  from  salts  by  diatysis.  The 
dialyzed  solution  is  then  evaporated  in  a  vacuum  or  at  40''-5O''  C. 
If  precipitated  with  alcohol,  albumin  becomes  quickly  insoluble. 

The  mineral  bodies  of  the  white  of  the  egg  have  been  analysed 
by  PoLECK  and  Webkh.  They  found  in  1000  parts  of  the  ash: 
876.6-284.5  grms.  potash,  235,6-329.3  soda,  17.4-29  lime,  16-31.T 
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finds,  therefore,  in  the  yolk  and  white  of  the  egg  »ii  abundant  quan- 
tity of  albnminoua  bodies  of  different  kinda,  and  especially  a  phos- 
phorized  atbnmin  in  the  yolk.  Further,  we  also  find  lecithin  in  the 
yulk,  which  seems  to  habitually  occur  in  the  developing  oell.  The 
occurrence  of  glycogeu  is  doubtful,  and  the  carbohydrates,  which 
have  no  direct  value  aa  tiesue-bnilderB,  are  perhapa  represented  by  a 
very  small  amount  of  glucose.  On  the  contrary,  the  egg  contitins 
a  large  proportiou  of  fat,  which  doubtU-aa  ia  an  important  aourise  of 
nutrition  and  respiration  for  the  embryo.  The  cholesterin  and  the 
lutein  can  hardly  have  a  direct  influence  on  the  development  of  the 
embryo.  The  egg  also  aecma  to  contain  tlie  mineral  bodiea  necea- 
aary  tor  the  development  of  tlie  young  animal.  The  lack  of  phos- 
phoric acid  is  compensated  by  an  abundant  amount  of  phoephorized 
organic  aubatance,  and  the  nucleoalbumin  containing  iron,  from 
which  the  htematogen  (see  page  392)  ia  formed,  ia  doubtleas,  aa 
]JuNGE  claims,  of  great  importance  in  the  formation  of  the  hemo- 
globin containing  iron.  The  silicic  acid  necessary  for  tlie  develop- 
ment of  the  feathers  is  alao  found  in  the  egg. 

During  tht  period  of  incubation  the  egg  loaes  weight,  chiefly  due 
to  lose  of  water.  The  quantity  of  solide,  especially  the  fat  and  the 
albumins,  diminisbea  and  the  egg  givea  off  not  only  carbon  dioiido, 
but  also,  as  LiUBERUAMy  has  shown,  nitrogen  or  a  nitrogenized 
substance.  Thia  loss  is  compensated  by  the  absorption  of  oxygen, 
and  it  ia  found  that  during  incubation  a  respiratory  exchange  oE 
gaa  takes  place.  While  the  quantity  of  dry  eubstiince  in  the  egg 
iluring  this  period  always  decreases,  the  quantity  of  mineml  bodies, 
albumin,  and  fat  always  increases  in  the  embryo.  The  increaae  in 
the  amount  of  fat  in  the  embryo  depends,  according  to  Lieber- 
MANN,  in  great  part  upon  n  taking  np  of  the  nutritive  yolk  in  the 
abdominal  cavity.  The  weight  of  the  shell  and  the  quantity  of  lime 
salts  contained  therein  remains  unchanged  during  incnbation.  The 
yolk  and  white  together  contain  the  necessary  quantity  of  lime  for 
development. 

The  most  complete  and  careful  chemical  investigation  on  the 
development  of  the  embryo  of  the  hen  has  been  made  by  Lieber- 
MANH-  From  his  researches  we  may  quote  the  following:  In  the 
earlier  stages  of  the  development,  tisaues  very  rich  in  water  are 
formed,  but  on  the  continuation  of  the  development  the  quantity  of 
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water  decreases.  The  absolute  quantity  of  bodies  solnble  in  water 
increascB  with  the  development,  while  their  relative  quantities,  as 
compared  to  the  other  solids,  contiunally  decreases.  The  quantity 
of  bodies  soluble  in  alcolio!  quickly  idcreaaea.  _  A  speeially  impor- 
tant increase  is  noticed  in  the  fat,  whose  tguuntlty  is  not  very  great 
even  on  the  fourteenth  day,  hut  after  that  it  becomes  considerable. 
The  quantity  of  albuminous  bodies  and  albuminoid  insoluble  in  watiT 
grows  continually  and  n?gularly  in  such  a  way  that  their  absolute 
quantity  increases  while  their  relative  quantity  remains  nearly  un- 
changed. LiEBEBMANN  found  no  glutin  in  the  embryo  of  the  hen, 
The  embryo  does  not  contain  any  gelatin-forming  substance  nutil 
the  tenth  day,  and  from  the  fourteenth  day  on  it  contains  a  body 
which  when  boiled  with  water  gives  a  substance  similar  to  chondrin. 
A  body  similar  to  mucin  occurs  in  the  embryo  when  about  six  days 
old,  but  then  disappears.  The  quantity  of  hsemoglobin  shows  a 
continual  increase  compared  to  the  weight  of  the  body.  Lieber- 
UANN  found  that  the  relatiouship  of  the  hsemoglobin  to  the  bodily 
weight  was  1 :  728  on  tlie  eleventh  day  and  1 : 4'il  on  the  twenty- 
first  day. 

The  tiBaoe  of  the  pUMnta  hiu  not  thua  fur  been  tlie  fubject  of  detailed 
cLemi<:al  invesli  gat  ions.  Id  tLe  edges  of  ihe  pla(«iita  of  bitcbea  and  of  cats  a 
ctjslalllzfible  orantre-colored  pigment  (bilirubin  ?)  has  been  found,  and  &Uo  a 
greeu  amorpboua  pignicot,  Mbckel'h  hiFmatodilorin,  which  is  uoDslclered  U 
biliverdlu  by  Etti.  Pketek  questions  Lbe  ideality  of  tbesu  pigments  wilb 
biliverdio. 

From  the  colyledoiis  of  tlic  plnccnta  in  tumiDants  a  white  or  faint  rose. 
colored  creamy  fluid.  Ihe  ttleriiu  milk,  can  be  obiuntd  by  pressure.  It  is  al 
kaliae  In  reaction,  but  Itecomes  add  quickly,  lis  specific  gravity  Is  1.0S3- 
1,040,  It  contains  as  form-elements  fut-globutes.  amdl  grHDules,  and  epithe- 
liiim-cillB.  We  have  found  81.3-120.9  p.  m.  solids,  81.3-106.6  p.  m.  albumin, 
about  10  p.  m.  fal.  and  3.7-8.3  p  m.  luh  in  the  uleriue  milk. 

The  fluid  occurring  In  the  so-called  oka.pe-koi.b  {moia  raeeraota)  has  a 
low  specific  gravity,  1.009-1.013,  and  19.4-36.3  p.  m,  solids  with  9-10  p.  m. 
protein  budlea  and  U~7  p.  m.  ash. 

The  amniotic  flnid  is  in  women  thin,  whitish,  or  pale  yellow; 
sometimes  it  is  somewhat  yellowish  brown  and  cloudy.  White 
iliikoa  separate.  The  form-elements  are  mucus-corpuscles,  epilht' 
lium-celh,  fat-drops,  and  lanvyu  hair.  The  odor  is  stale,  the  reaction 
neutral  or  faintly  alkaline.    The  specific  gravity  is  1.002-1.028. 

The  amniotic  flnid  contains  the  constituents  of  ordinary  transu- 
dations. The  amount  of  solids  at  birth  is  hardly  20  p.  m.  In  the 
earlier  stages  of  pregnancy  the  fluid  contains  more  solids,  especially 
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proteids.  Among  the  albuminous  bodies  Wetl  found  one  sub- 
stance similar  to  vitellin  and  with  great  probability  also  serum 
albumin,  besides  small  quantities  of  mucin.  Olucose  is  regularly 
found  in  the  amniotic  fluid  of  cows^  but  not  in  human  beings.  On 
the  contrary^  the  human  amniotic  fluid  contains  some  urea  and 
aUantoin.  The  quantity  of  these  may  be  increased  in  hydramnion 
(Prochowkigk,  Habkagk)^  which  depends  on  an  increased  secre- 
tion by  the  kidneys  and  skin  of  the  foetus.  Greatin  and  lactates 
are  questionable  constituents  of  the  amniotic  fluid.  The  quantity 
of  urea  in  the  amniotic  fluid  is,  according  to  Pbochownick,  0.16 
p.  m.  In  the  fluid  in  hydramnion  Prochownigk  and  Harkagk 
found  respectively  0.34  and  0.48  p.  m.  urea.  The  chief  mass  of 
the  solids  consists  of  salts.  The  quantity  of  chlorides  (NaCl)  is 
5.7-6.6  p.  m. 
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MILK. 


The  ohomica)  constituents  of  the  mammary  plands  have  beob 

little  studied.  The  protoplasm  of  the  cells  is  rich  in  proteida  and, 
as  is  generally  iidmittcd,  consists  in  great  part  of  casein  or  a  aub- 
fltance  nearly  related.  If  all  the  uiilk  is  removed  from  the  tnatn- 
mary  gland  by  thorough  washing,  the  cells  still  coutain  a  large 
quantity  of  proteids  which  swell  up  to  a,  slimy,  ropy,  or  fibrous 
masB  when  very  diluto  alkali  {1-3  p.  m.  KOH)  is  added.  These 
proteids  consists  mainly  of  nucleoalbumin,  which  is  gradually 
changed  by  the  action  of  the  alkali.  If  the  mammary  gland  ia 
boiled  with  water,  the  protoplasm  of  the  cell  ia  decomposed  and  a 
nucleoalbumin  passes  into  solution,  which  may  be  precipitated  by 
the  addition  of  acetic  acid,  and  which  is  characterized  by  its  greater 
insolubility  iu  acetic  acid,  compared  with  casein.  This  nucleo- 
ftlbnmiu,  which  may  well  be  considered  as  a  protoplasm-nucleo- 
albumin  changed  by  heat,  also  gives  on  boiling  with  dilute  mineral 
acida  a  reducible  Biibstiince  whose  nature  is  not  known.  The 
rotation  the  above-mentioned  nucleoalbumin,  which  is  more  cor- 
rectly designated  as  a  proteid  when  the  mothor-aubstance  of  the 
reducible  body  doea  not  occur  as  an  impurity,  bears  to  the  sugar  of 
milk  or  the  mother-substance  of  the  same,  has  not  been  determined. 
According  to  Bert,  the  secreting  glands  contain  a  body  which  on 
boiling  with  dilute  mineral  acids  yields  a  reducible  substance. 
Such  a  substance,  which  acts  as  a  stop  towards  the  formation  of 
milk-sugar,  has  also  been  observed  by  Thierfeldkr.  Fat  seems 
to  be  a  never-failing  constituent  of  the  cell,  at  least  rn  the  secreting 
gland,  and  this  fat  may  be  observed  in  the  protoplasm  as  large  or 
small  globules  similar  to  milk-globulea.     The  extractive  bodies  of 
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the  mammary  glivnda  bave  been  little  investigated,  but  amoug  them 
ve  find  couBiderable  amounts  of  xanthin  bodies. 

Ab  human  milk  and  milk  of  aaimals  are  ei^eeiitially  of  the  same 
constitution,  it  seems  beat  to  speak  fir^t  of  the  oue  most  thorouglily 
investigated,  namely,  cow's  milk,  and  tlieu  of  the  essential  proper- 
ties of  the  remaining  important  varieties  of  milk. 


Cow's  Milk. 

Cow's  milk  forms,  an  all  milks  do,  an  emulsion  which  consists 
of  very  finely-divided  fat  suspended  in  a  solution  consisting  chiefly 
uf  albuminous  bodies,  milk-sugar,  and  salts.  Milk  is  non-ti'aDs- 
parent,  white,  whitish  yellow,  or  in  thin  layers  somewhat  bluish 
white,  of  a  faint,  insipid  odor  and  mild,  [uiutly-sweetish  taste.  The 
reaction  is  regularly  amphoteric,  sometimes  with  a  stronger  action 
on  the  rod  and  sometimes  on  the  blue  litmus-paper.  The  specific 
gravity  is  1.038  to  1.0345  at  +  15"  C. 

Milk  gradually  changes  when  exposed  to  the  air,  and  its  reaction 
becomes  more  acid.  This  depends  on  a  transformation  of  the 
milk-sugar  into  lactic  acid,  which  is  produced  partly  by  the  pres- 
ence of  a  special  enzyme  originating  in  the  glands  but  not  yet 
positively  detected,  but  which  is  chiefly  produced  by  micro- 
organisms. 

Entirely  freah,  amphoteric  milk  does  not  coagulate  on  boiling, 
bnt  forms  a  skin  consisting  of  coagulated  casein  and  lime-salts, 
which  rapidly  re-forma  after  being  removed.  Even  after  passing  a 
current  of  carbon  dioxide  through  the  fresh  milk  it  does  not  coagu- 
late on  boiling.  In  proportion  as  the  formation  of  lactic  acid  ad- 
vances this  behavior  changes,  and  soon  a  stage  is  reached  when  the 
milk,  which  has  previously  had  carbon  dioxide  passed  through  it, 
coagnlates  on  boiling.  At  a  secoud  stage  it  coagulates  alone  ou 
heating;  then  it  coagulates  by  passing  carbon  dioxide  alone  with- 
out boiling;  and  lastly,  when  the  formation  of  lactic  acid  is  suffi- 
cient, it  coagulates  spontaneously  at  the  ordinary  temperature, 
forminga  solid  mass.  It  may  also  happen,  especially  in  the  warmth, 
that  the  casein-clot  contracts  and  a  yellowish  or  yellowish-green 
acid  licjutd  (acid  whey)  is  separated. 

If  the  milk  is  sterilized  by  heating  and  contact  with  micro- 
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organisms  prevented,  the  formation  of  lactic  acid  may  be  entirely 
Btopped.  The  formation  of  acid  may  also  be  prevented,  at  least  for 
eome  time,  by  many  antitieptice,  euch  as  salicylic  acid  (1:5000), 
thymol,  boracic  acid,  and  other  bodies. 

If  milk  is  allowed  lu  siacd  for  a  long  time  at  v.  lemperature  of  0°  C.  It  re- 
malRB  tliiid  for  several  weeks,  but  coagulates  at  last.     In  this  caae  the  coagula- 
tion if,  not  caused  by  the  fonimtion  of  lactic  acid,  but  is  more  likely  due  lo    i 
ibe  fonuatloD  of  fatly  aclils  cauned  b;  ao  axiiialioD  (HuFrE-SKYLEH). 

K  frcBhly-millced  amphoteric  milk  ia  treated  with  rennet,  it 
coagnlateB  qnickiy,  especially  at  the  temperature  of  the  body,  to  a 
solid  masa  (cheese),  from  which  a  yellowish  fluid  (sweet  whey)  is 
gradually  pressed  out.  This  coagnlation  of  milk  occurs  without 
any  change  in  its  reaction  ;  it  may  also  take  place  with  the  very 
faintest  alkaline  reaction;  therefore  it  is  distinct  from  the  acid 
coagulation. 


n  depends,  accord- 
ing to  BCBmDT-MDI.HsiM,  upon  a  peculiar  ebance  of  Ihe  milk-augar  in  which 
this  last  is  converted  into  a  slimy  product.  Tbia  converaioa  U  caused  by  a 
special  organized  ferment. 

In  cow's  milk  we  find  as  form-elements  a  few  colostrum  cor- 
puscles (see  Colostrum)  and  a  few  pale  nucleated  cells.  The 
number  of  these  form-elements  is  very  small  compared  with  the 
immense  amount  of  the  most  eijsential  form -constituents,  the  milk- 
globules. 

The  Hilk-globnles.  These  consist  of  extremely  small  drops  of 
fat  whose  number  is,  according  to  BoiiR,  2,6-11.4  or  an  average  of 
5.6  million  in  1  c.  mm.  and  whoso  diameter  ia  0.00014-0.0063 
mm.  (Bohb).  It  is  unquestionable  that  milk-globulca  contain  fat, 
and  we  consider  it  as  positive  that  ail  the  milk-fat  is  found  in 
thorn.  Another  and  disputed  question  is  whether  milk-globules 
consist  entirely  of  fat  or  whether  they  also  contain  albumin. 

According  to  an  observation  of  AscnEasoK,  the  drops  of  fat  are 
covered  with  a  fine  albuiniiioua  coat,  a  so-called  haptogen-niBmbrane, 
when  placed  in  an  alkaline  albumin  solution.  As  milk  on  shaking 
with  ether  does  not  give  up  its  fat,  or  only  very  slowly  by  a  great 
excess  of  ether,  and  ax  this  takes  place  very  easily  after  the  addition 
of  acids  or  alkalies  which  dissolve  albumin,  it  was  formerly  thought 
that  the  fat-globules  of  the  milk  were  enveloped  in  an  albuminous 
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ooat.  A  true  niembraue  haa  not  boen  detected;  and  aiuce,  when 
no  meaoB  of  disaolving  tlie  albumin  is  resorted  to — for  example, 
when  the  milk  is  precipitated  by  carbon  dioxide  after  the  addition 
of  very  little  acetic  acid  (Soxhlet),  or  when  it  is  coagulated  by 
rennet — tlie  fat  can  be  very  easily  extntcted  by  ether,  the  theory  of  a 
special  albuminous  membrane  for  the  fat-globules  has  been  gener- 
ally abandoned.  The  observations  of  Quisckes  on  the  behavior 
of  the  fat-globules  in  an  emulsion  prepared  with  gum  have  led, 
at  the  present  time,  to  the  conclusion  that  each  fat-globule  in  the 
milk  is  surrounded  by  a  stratum  of  casein  solution  by  means  of 
molecular  attraction,  and  this  prevents  the  globules  from  uniting 
■with  each  other.  Everything  that  changes  the  physical  property 
of  the  casein  in  the  milk  or  precipitates  it  must  necessarily  help 
the  solution  of  the  fat  in  ether,  and  it  is  in  this  way  that  the  alka- 
lies, acids,  and  rennet  work. 

If  we  accept  thla  view,  wbich  requires  Furlber  proof,  we  must  not  over- 
look tlie  (set  that  the  fnl-globulea  retimiu  uaoliangcd  when  tbo  milk  under 
agitntloD  is  congulntcd  with  reDOct.  lu  tblH  vaee  we  Gnd  an  [mmeDSe  amount 
of  uncbangetl  inilk>Klobu1es  in  the  whcj,  aoii  if  wewieh  to  admit  of  a  stratum 
of  proleids  around  tbe  fat-globules  proceeding  from  tbc  molecular  attmctloii. 
we  must  not  consider  tlint  ft  is  eulirely  due  1o  cnsein,  but  aim  to  albumin. 

If  ibe  fat-jtlobulea  are  tillered  ofl  and  wasbed  on  a  lilter,  we  always  obtain 
(Radbnhadebn  and  DAmi.BwsKT)  nfter  their  ireatmeot  with  clber  a  rtfildue 
conalstiug  of  albiiniin.  Fitim  Itiis  lielinvior  tbe  deduction  has  been  made  that 
the  fal-gtobules.  even  though  Ihej  have  no  real  membrane,  consist,  neverthe- 
less, of  fat  and  albumio.  The  extreme  difflculiy  of  completely  removing  ihe 
albuminous  bodies  of  the  milk  by  washing  tbe  fat  on  the  tiller  renders  it 
necessary  to  exercise  great  caution  iu  drawitie  a  conclusion.  Tbe  question  as 
to  Ibe  cvmpositiuu  of  tbc  milk-globuleti,  and  especially  as  to  the  possible 
amount  of  albumin,  cannot  be  decided  at  present 

The  milk-fat  has  a  rather  variable  specific  gravity,  which  accord- 
ing to  BoRR,  is 0.949-0. 996  at  -  15°  C.  Tiie  milk-fat,  which  is  ob- 
tained under  the  name  of  butter,  consists  in  great  part  of  the 
neutral  tuts  palmitin,  o/ein,».ndsfearin.  Besides  these  it  con  tains, 
as  triglycerides,  small  quantities  of  butyric  tuiid  and  caproic acid, 
traces  of  caprylic  and  capric  arida  (lauric  acid  probably  also  occurs), 
wyristic  and  arachidic  acids.  Butter  which  has  been  exposed 
to  the  action  of  sunlight  contains  also  formic  acid  (Di'claus). 
Uilk-fat  also  contains  a  small  quantity  of  lecithin  and  eliohslerin, 
also  a  yellow  coloring  matter.  The  quantity  of  volatile  faCty  acids 
in  butter  is,  according  to  Ddclaux,  on  an  average  about  70  p.  m., 
of  which  37~dl  p.  m.  is  butyric  acid  and  30-33  p.  m.  is  oaproio 
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acid.     The  iion-rolatite  fat  coneUte  of  I'a  tn  -^  olein,  and  the  re- 
m&iDder  of  a  mixture  of  palmitin  and  atearin. 

Tlie  ^uanlltf  of  voUille  fsiiy  acids  to  buller-fat  i«  of  great  practical  Im- 
porUuce  111  iLc  melbixls  fur  delecting  tbe  preseace  of  fortlgu  faU  iu  butler. 
Thi»  detectinu  la  performed  genenilly  according  to  Keichekt'b  proci^ts  bused 
OD  Ukbhkk  and  Anoell's  melboa.  The  fal  ia  sapouiHed  with  akiihoKc 
polaali  atid  the  alcohol  evaporated.  Tbe  soaps  are  diawilved  In  wnier,  and  llieii 
dialllleil  wilb  an  excess  of  pboaphcric  acid.  TLe  quaulily  uf  vtilaiile  fnlly 
addsiu  tbediililkte  is delermiced  by  lilratiou  wilLdecl-Dormal  alkali.  With 
butler  of  proper  compoaltlon  2,5  grma.  ahuuld  yield  a  disiillale  reqiiirlne 
14-111  cc  fur  aeutnJizaiion,  and  at  least  DOl  leea  than  12  cc.  of  the  dei-i-nonoal 
alkali.  In  proporlion  as  the  butler  ci)Dt«iiig  a  grenter  qiiauiity  of  foreign  fats 
the  quaullly  of  alkali  required  tfecomeii  ainaller. 

The  milk-plaama,  or  that  fluid  in  which  the  fat-globules  are  eub- 
pended,  contains  at  least  three  diQerent  albuminoiiB  bodies,  casein, 
laciogtobulin,  and  laitalbumin,AJiA  two  <Mrboliyd rates,  of  wliich  only 
one,  the  milk-suf/ar,  is  of  great  importancu.  The  milk-plasma  also 
contains  extractive  bodies,  tntcea  of  urea,  creatiti,  creatinin,  hypo- 
xanlhin  (/),  lecithin,  ckolestcrin,  about  1  p.  m.  ciiric  acid  (Soxslet 
and  Heskel);  a  still  greater  amount  according  to  Soldner,  and 
lastly  also  miiural  bodies  and  gasei. 

Casein.  Tliis  protein  substatjce,  which  thns  far  has  been  de- 
tected positively  in  milk,  belongs  to  the  nucleaalbumins,  and  differs 
from  the  albuminates  by  its  containing  phosphorus  and  by  its  be- 
haTJor  with  the  rennet  enzyme.  Caaein  from  cow's  milk  has  the 
following  composition:  C  53.0,  H  7.0,  N  15.7,  S  0,8,  P  0.85.  and 
0  23. G5  per  cent.  Its  sjieciSe  rotation  is,  according  to  Hoppe- 
Seyler somewhat  variable  ;  in  neutral  solution  it  is  a'(Z>)  =  --  80°. 
The  question  whether  tlie  casein  from  different  varieties  of  miTk  is 
identical  or  if  there  arc  several  different  caseins  has  not  been  posi- 
tively dt-termined. 

Casein,  when  dry,  appears  like  a  fine  white  powder  which,  after 
heating  to  100°  C.  or  somewhat  above,  shows  the  properties  and 
eolubilitiea  of  freshly-precipitated,  utill-moist  casein.  On^ein  is  only 
Rlightly  soluble  in  water  or  in  neutral-salt  solutions.  It  acts  tike  a 
rather  strong  acid, dissolves  readily  in  water  on  the  addition  of  very 
little  alkali,  farming  a  neutral  or  acid  liquid,  and  lastly  it  dissolves 
in  water  in  the  presence  of  calcium  carbonate,  from  which  it  PKpels 
the  carbon  dioxide.  If  casein  is  dissolved  in  lime-water  and  this 
solution  treated  with  very  dilute  pboepboric  acid  until  it  is  neutral 
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Id  reactioQ,  the  casein  appears  to  remain  in  solntion,  but  is  proV 
ably  only  swollen  ils  in  milk,  and  the  liquid  containa  at  the  same 
time  a  large  quantity  of  citlcium  phosphate  without  any  precipitate 
or  any  visiblo  suspended  particke.  The  casein  siolutions  containing 
lime  are  opalescent  and  have  on  warming  the  appearance  of  milk 
deficient  In  fat.  Therefore  it  is  not  impossible  that  the  white 
color  of  the  milk  is  due  partly  to  the  casein  and  calcium  phosphate. 

Casein  solutions  do  not  coagalate  on  boiling,  but  are  covered,  as 
milk,  with  a  skin.  It  is  precipitated  by  very  little  acid,  but  the 
presence  of  neutral  salts  retards  the  precipitation.  A  casein  solu- 
tion containing  salt,  or  ordinary  milk,  requires,  therefore,  more  acid 
for  precipitation  than  a  salt-free  solution  of  casein  of  the  same  con- 
centration. The  precipitated  CHsein  dissolves  very  easily  again  in  a 
small  excess  of  the  acid,  but  less  easily  in  an  excess  of  acetic  acid. 
The  acid  solutions  are  precipitated  by  mineral  acids  in  excess. 
Casein  is  precipitated  from  neutral  soluiiona  or  from  milk  by 
common  salt  or  magnesium  sulphate  in  substance  without  changing 
its  properties.  Metallic  salts,  such  as  copper  sulphate,  completely 
precipitate  tiie  casein  from  neutral  solutions. 

Tlie  property  which  is  the  most  characteristic  of  casein  is  that  it 
coagulates  with  rennet  in  the  presence  of  a  sufficiently  great  amount 
of  lime-salts.  In  solutions  free  from  limo-SBlts  the  casein  does  not 
coagulate.  According  to  Soshlet  and  Soldner,  the  soluble  lime- 
salts  are  only  of  essential  importance  in  coagulation,  while  the  cal- 
cium phosphate  is  without  importance.  The  chemical  processes 
which  take  place  in  the  rennet  coagulation  have  not  been  thorough- 
ly investigated  ;  still  several  observations  seem  to  show  that  casein 
splits  partly  into  a  difficultly  soluble  body  paracasein  or  chee»e, 
whose  composition  closely  resembles  that  of  casein  and  which  forms 
the  chief  prodnct,  and  partly  into  an  easily-soluble  substance, 
similar  to  alhumose,  whey-alinimin,  which  is  deficient  in  carbon  and 
nitrogen  (50.3*  C  and  13. 2:6  N,  Kostneh)  and  which  is  produced 
in  very  small  quantities.  Paracasein  is  not  further  changed  by  the 
rennet  enzyme,  and  it  has  not  the  same  property  of  holding  calcium 
phosphate  in  solution  as  casein  bos.  If  rennet  be  added  to  a  casein 
solution  free  from  lime,  the  solution  does  not  coagulate,  but  the 
casein  is  changed  so  that  the  solution,  after  the  enzyme  has  been 
destroyed  by  rapid  heating,  acts  like  a  paracasein  solution,  on  the 


306 


PHT8I0L0QICAL   fUEMISTRT. 


addition  of  lime-salta  aftor  cooling.  Tlie  action  of  the  rennet 
enzyme  on  casein  takes  place  also  in  tiie  abgence  of  lime-salts,  and 
these  last  are  only  necessary  for  the  coaguJation  or  the  precipitation 
of  the  paracasein. 

Casein  may  be  prepared  in  the  following  way  :  The  milk  ia  di- 
luted with  4  vols,  water  and  the  mixture  treated  with  acetic  acid  to 
0.75  to  1  p.  m.  Caeeiu  thus  obtained  is  puritied  by  repeated  solu- 
tions in  water  with  tlie  aid  of  the  smalleet  quantity  oF  alkali  poa- 
eibie,  by  filtrating  and  reprocipitating  with  acetic  acid,  and 
tlioroughly  washing  with  water.  Most  of  the  milk-fat  is  retained 
by  the  filter  on  the  first  filtrstioii,  and  thecaaeiu  contaminated  with 
traces  of  fat  is  purified  by  treating  with  alcoliol  and  ether. 

LactoglobuHn  was  obtained  by  Seuelien  from  cow's  milk  by 
sataratJDg  it  with  NaCl  in  substauce  (which  precipitated  the 
caaein).  and  saturating  the  filtrate  with  magnesium  eulphate.  As 
far  as  it  has  becu  investigated  it  had  the  pioperties  of  serum-glob- 
ulin, with  which  it  ia  perhaps  identical. 

Lactalbumin  was  first  prepared  in  a  pure  state  from  milk  by 
Sebelibk.  Ita  composition  is,  according  to  Sebelies,  C  52,19, 
H  7.18,  N  15.77,  S  1.73,  O  23.13  per  cent.  Lactalbumin  has  the 
properties  of  the  albumins.  It  coagulates,  according  to  the  con- 
centration and  the  amount  of  salt  in  solution,  at  -)-  73'  to  84°  C. 
It  is  similar  to  serum  albumin,  but  differs  from  it  in  having  a  con- 
siderably lower  specific  rotary  power ;  a  {D)  =  —  37°, 

The  principle  of  the  preparation  of  lactalbumin  ia  the  same  as 
for  the  preparation  of  aerum-albumin  from  sernm.  The  casein  and 
the  globulin  are  removed  by  MgSO,  in  aubstance  and  the  filtrate 
treated  as  previously  stated  (page  Gl). 

The  occurrence  of  other  albuminous  bodies.  Buch  as  aOmtnotea  nnd  ptptonet. 
Id  milk  bag  not  beeu  positively  proved.  Tlieae  budtcx  are  easily  produced  as 
labonilion  products  from  the  olber  albumiiious  bodlca  of  the  milk.  Buch  ft 
InbonlioD  proiluct  la  MiI-toN's  aad  Comaii.Lb'b  lactoprotein,  which  la  a  mix- 
ture nf  a  litlle  CHsuiu  wllh  cbauged  albumia.  sod  which  Is  formed  by  the 
chemical  operallons. 

HUk-iDg^ar,  lactose,  C„HhO|,  -f  H,0.  This  sugar  with  the 
absorption  of  water  can  bo  split  into  two  glucoses,  dextrose  and 
galactose.  It  yields  by  the  action  of  dilute  nitric  acid,  besides 
carbon  dioxide,  oxalic  acid,  tartaric  acid,  saccharic  acid,  and  racemic 
aoid,  a  crystal  livable  miicic  acid,  which  ia  nearly  insoluble  in  cold  . 
water  and  in  alcohol,  aud  which  muy  also  bu  ohtaiued  from  dulcite,  ] 
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^m,  and  vegetable  mncna.  By  the  tictioii  of  Bodiuni  amftlgam  on 
milk-sDgar  we  obtain  dulcite,  mannite,  lactic  acid,  and  other  pro- 
ducta.  By  the  action  of  alkalies  we  obtain  lactic  acid  among  other 
products. 

Milk-sugar  occurs  in  all  milks.  It  has  also  been  found  iu  the 
nrine  of  pregnant  women.  According  to  Bouchardat,  it  also 
occurs  in  the  ripe  fruit  of  the  achras  tapida. 

Milk-aagar  occurs  ordinarily  as  colorleBs  rhombic  crystals  with 
1  mol.  of  water  of  crystallization,  which  is  driven  off  by  slowly  heat- 
ing to  100°  C,  but  more  easily  at  ISOMW  C.  At  170°  to  180°  0. 
it  la  converted  into  a  brown  amorphous  mass,  lactocaramel,  C.HijOi. 
Milk-sugar  dissolves  in  6  parts  cold  and  in  3.5  parts  boiling  water; 
it  hsa  a  faint  sweetish  taste.  It  does  not  dissolve  in  ether  or  abao- 
lute  alcohol.  Its  solutions  are  dejttro-gyrute.  The  rotary  power, 
which,  on  heating  the  aolutiou  to  100°  C,  becomes  constant,  is  a  (D) 
=  -\-  52.5°.  Milk-sugar  combines  with  bases ;  the  alkali  combina- 
tions are  inaolublo  in  alcohol. 

Milk-Bugar  is  not  fermentable  with  pure  yeast.  It  undergoes, 
on  the  contrary,  alcoholic  fermenlation  by  the  action  of  certain 
schizomycetes,  and  lactic  acid  is  then  produced  thereby.  The  prep- 
aration of  milk-wine,  " iumy**,"  from  mare's  milk  and  "kephir" 
from  cow's  milk  ia  baaed  upon  tbia  fact.  Micro-organisms  pro- 
duce a  lactic  fermentation  in  lactose,  and  this  explains  the  ordinary 
souring  of  milk. 

Lactose  responds  to  the  reactions  of  grape-sugar,  such  as 
Moore's  or  Tuommer's  and  the  bismuth  teat,  which  will  all  be 
described  in  Chapter  XIV  on  the  urine.  It  also  reduces  mercuric 
oxide  in  alkaline  solutions.  After  warming  with  phenylhydrazin 
acetate  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  plienyl- 
lactosazon,  C»,Hj,N,0,  (see  Chap.  XIV  on  sugar  in  the  urine). 
It  differs  from  cane-sugar  by  giving  positive  reactions  with 
Moore's  and  the  bismuth  test,  and  also  that  it  does  not  darken 
when  heated  with  anhydrous  oxalic  acid  to  100°  C.  It  differs  from 
grape-sugar  and  maltose  by  its  solubility  and  crystalline  form  ;  but 
«epecially  by  its  not  fermenting  with  yeast  and  by  yielding  mnoic 
acid  with  nitric  acid. 

For  the  preparation  of  milk-sugar  we  make  use  of  the  by-product 
in  the  preparation  of  cheese,  the  sweet  whey.     The  albumin  is  re- 


•Oe  PHYSIOLOGICAL  CRBMISTST. 

moved  br  ciM^Ution  with  heat  and  the  filtiate  evaponted  fo  »  I 
wm,y,  Thecrystals  which  separate  after  a  certaio  time  arc  f  ecry«M« 
luM  from  water  after  decotoriziug  with  aoitnal  charcoal.  A  pars 
pnptuation  maj  be  obtained  from  the  commercial  milh-sogar  by 
repeated  recrystallization.  The  qaantitatiTe  eetimatioa  of  milk- 
aapr  may  in  part  be  performed  by  the  poiariatrobometer  and  partly 
by  means  of  titration  with  pEHLnto's  solntton.  10  cc.  of  Fehusg's 
aolatton  corrcsiponda  to  0.06T  grm.  milk-ongar  (in  regard  to  Feh- 
uxe'a  solation  and  Che  titration  of  mgar,  see  Chapter  XIV). 

RmVADan  baa  found  aaiithn  carbrtfaydrBle  in  tnflk  wblch  b  aolnbte  J 
la  «mcr,  DOfl-crjMallizable,  which  baa  •  faini  reducing  scUon,  and  «'"' 
jrlddi  on  boiling  with  wa  acid  a  body  baring  ■  greaiei  reducing  power.  7 
WKMa  coniidcTi  lliia  ■■  an  naima]  gnm. 

The  minerai  bodies  of  milk  will  be  treated  in  connection  with'l 
its  qaantitatiTe  composition. 

The  methods  for  the  qnantitatire  analysis  of  milk  are  nnmerona* 
and  aa  they  all  cannot  be  treated  of  here,  we  will  give  the  chief 
points  of  a  few  of  the  most  trustworthy  and  most  frequently- 
employed  methods. 

in  determining  the  mlid»  a  carefally- weighed  quantity  of  milk 
is  mixed  with  an  eqnal  weight  of  heated  aand,  fine  glass  powder,  or 
atbeatoa.  The  evaporation  is  first  done  on  the  water-bath  and 
flniahed  in  a  current  of  carbon  dioxide  or  hydrogen  not  aboTe 
100°  c. 

The  mineral  bodie*  are  determined  by  ashing  the  milk,  Dsing 
th«  precantions  snggestcd  in  the  text-book^  The  results  obtained 
for  tlie  phosphoric  acid  are  incorrect  on  account  of  the  burning  of 
phosphorized  bodies,  such  as  casein  and  lecithin.  We  must  there- 
fore, according  to  Soldkeb,  subtract  'ib%  from  the  total  phosphoric 
acid  found  in  the  milk.  The  quantity  of  sulphate  in  the  aah  also 
depends  on  the  burning  of  the  albumins. 

In  the  determination  of  the   iotaJ  amount  of  allmminous  bodies 
we  make  nse  o(  Ritthacses's  method,  namely,  precipitate  the 
milk  with  copper  sulphate.     This  method  gives  incorrect  roBuIta 
becBose  the  copper  hydroxide  does  not  give  up  all  its  water  of.^ 
hydration  on  drying  the  precipitate,   but  only  after  ashing  tha  I 
aame.      The  results  for  the  protvids  are  therefore  somewhat  too' 
high. 

The  method  of  Pri,'}  and  Stesbeeq  consists  in  firat  diluting 
the  neutralized  milk  with  some  water  and  then  treating  with  alco- 
hol until  the  mixture  contains  TO-85  vols,  per  cent  alcohol.  The 
precipitate  is  collected  on  a  filter,  washed  with  warm  70^  alcohol, 
extracted  with  ether,  drietl,  weighed,  burnt,  and  the  residue  re- 
weighed.     The  tracea  of  albumin  wluch  remain  in  the  filtrate  and 
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wush-liqiior  are  precipttateii  by  tannic  acid  (see  page  21).  &'-ii  of 
tlie  tannic  acid  precipitate  is  considered  aa  albumin,  and  this  must 
be  added  to  the  albumiu  found  directly.  This  method  gives  exact 
and  good  results. 

According  to  the  method  of  Sebelien,  3-5  grms.  of  milk  are 
diluted  with  an  equal  volume  of  water,  a  little  common-ealt  solution 
added,  and  precipitated  with  an  excess  of  tannic  acid.  The  precipi- 
tate is  washed  witli  cold  water,  aud  then  the  quantity  of  nitrogcD 
determined  by  Kjkldahl's  method.  The  total  nitrogeu  found 
when  multiplied  by  6.37  (casein  and  lactalbumin  contain  both 
15.7)6  nitrogen)  gives  the  total  quantity  of  albuminous  bodies.  This 
easily- executed  method  gives  very  good  results,  but  until  the  quan- 
tity of  nitrogen  in  the  alouminous  bodies  of  other  varieties  of  milk 
has  been  exactly  determined  this  method  cannot  be  used  except 
for  the  analysis  of  cow's  milk. 

To  determine  the  casein  and  albumins  separately  we  may  make 
use  of  the  method  first  suggested  by  Hoppe-.Seylkb  aud  TuLHAT- 
8CHEPP,  in  which  the  casein  is  precipitated  by  magnesium  sulphate. 
According  to  Sebeliek,  the  milk  is  diluted  with  its  own  volume 
of  a  siitnnited  magnosium-eulpbate  solution,  then  saturated  with 
the  salt  in  substance,  the  precipitate  filtered  and  washed  with  a 
saturated  magnesium-sulphate  solution.  The  nitrogen  is  deter- 
mined in  tlie  precipitate  by  Kjeldahl's  method,  and  the  quantity 
of  casein  determined  by  multiplying  the  result  by  (j.37.  Tiie  quan- 
tity of  lactalbumin  may  be  calculated  as  the  difference  between  the 
casein  and  the  total  albumin  found.  The  lactalbumin  may  also  be 
precipitated  by  tannic  acid  from  the  filtrate  coutiLining  MgSO,  from 
the  casein  precipitate,  diluted  with  water,  and  the  nitrogen  deter- 
mined by  Kjeldahl's  method  and  the  result  multiplied  by  6.37. 
Sehelikn's  method  is  only  suited  for  cow's  milk. 

The  quantity  ot  globuhnn  in  milk  cannot  be  exactly  determined, 
A  minimum  result  can  be  obtained  by  first  precipitating  the  casein 
completely  by  NaCl  in  substance,  and  then  precipitating  the  glob- 
ulins in  the  filti-ate  by  magnesium  sulphate  (Sebelien).  The 
casein  may  also  be  precipitated  from  the  diluted  milk,  and  the 
globulin  precipitated  after  neutralization  by  means  of  Mg80,.  In 
these  cases  we  obtain  somewhat  hi^h  results,  because  of  the  pres- 
ence of  traces  of  casein  which  remain  behind. 

The  fat  is  determined  directly  by  thoroughly  extracting  the 
dried  milk  with  ether,  evaporating  the  ether  from  the  extract,  and 
weighing  the  residue.  The  fat  may  be  determined  by  aerometrio 
means  by  adding  alkali  to  tlie  milk,  shaking  with  other,  and  deter- 
mining the  specific  gravity  of  the  fat  solution  by  means  of  Soxil- 
let'8  apparatus.  In  determining  the  amount  of  fat  in  a  large 
number  of  samples  the  lactokrit  of  Pb  Laval  may  be  used  with 
success.     The  milk  is  first  mixed  with  an  equal  volume  of  a  mix* 
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tnre  of  acetic  aeid  and  concentrated  eulphuric  acid,  warmed  7-8 
miuntea  on  the  water-bath,  the  misture  placed  in  graduated  tnbes, 
and  these  in  the  centrifugal  machine  at  +  5l)°  C.  The  height  of 
the  layer  of  fcit  gives  its  quantity. 

In  determining  the  milk-sugar  first  the  albumin  is  removed. 
For  this  purpose  we  precipitate  either  with  alcohol,  which  must  he 
eYaporated  from  the  filtnite,  or  by  diluting  with  water,  and  re- 
moving the  caaein  by  the  addition  of  little  acid,  and  the  lactalbumiu 
by  coagulation  at  a  boiling  heat.  The  sugar  ib  determined  by 
titration  with  FEHLiNo'a  or  Knapp's  solution  (see  Chap.  XIV). 
The  principle  of  titration  is  the  same  as  for  the  titration  of 
Bugar  in  urine:  10  c.c.  of  Fkhlino's  solution  corrospondB  to 
0,067  grm.  milk-sugar;  10  c.c.  of  Knapp'b  solntion  ConespondB  to 
0.0311-0.0310  grm.  milk-sugar,  when  the  saccharine  liquid  con- 
tains about  {-l^  sugar.  In  regard  to  the  modus  operandi  of  the 
titration  we  must  refer  the  reader  to  more  complete  works  and  to 
Chapter  XIV. 

Inatefld  of  the  volumetric  determinations  the  following  steps 
may  be  taken:  A  measured  quantity  of  the  milk-sugar  solution  is 
treated  with  an  excess  of  Fehling  8  Bolutlon,  boiled,  the  copper 
suboxide  filtered  and  reduced  in  a  current  of  hydrogen,  ana  the 
metallic  copper  weighed,  SoxHLET  has  given  a  table  (Journal  fiir 
praktische  Chemie,  1880)  which  simplifies  the  calculations  in  such 
cases. 

The  sugar  may  also  be  determined  by  the  polariscope,  and  with 
ease,  because  the  filtrates  containing  milk-sugar  are  generally  color- 
less. The  determination  is  quickly  performed  but  does  not  give 
exact  resnlts. 

The  quantitative  composition  of  cow's  milk  ia  variable.  The 
average  obtained  by  Konig  is  as  follows  in  1000  parts  : 


i 


The  quantity  of  mineral  l>odits  in  1000  parts  of  cow's  milk  ia, 
according  to  the  analyses  of  Soldneb,  as  follows  :  K,0  1.72, 
Na,0  O.Sl,  CftO  1.98,  MgO  0.30,  P,0,  1.82  (after  correction  (or 
the  nucleins),  CI  0.98  grms.  Biinge  found  0.0035  grm.  Fe,0^  Ac- 
cording toSoLDNEK,  the  K,  Na  and  C]  are  found  in  the  Bnme  quan- 
tities in  whole  milk  as  in  milk-serum.  Of  the  total  phosphoric 
acid  30-56*  is  not  dissolved  and  also  53-72j<  of  the  lime.  A  part  of 
this  lime    is  combined  with  the  casein ;   the  remainder  is  found 
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united  with  the  phosphoric  acid  aB  a  mixture  of  di-  and  tri-calcium 

phosphate,  which  is  kept  diEBolved  or  eiiepeiided  by  the  casein. 
The  baaes  »re  in  exceEB  of  the  mineral  acide  in  the  niilk-eerum.  The 
exceBE  of  tlie  lirst  ib  combined  with  organic  acids  which  correspond 
to  2.5  p.  m.  citric  acid  (Soldnbh). 

The  gases  of  the  milk  consist  chiefly  of  CO.,  besides  a  littie  N 
and  traces  of  0,  PflCgkb  found  10  vols,  per  cent  CO,  and  0.6  vol. 
per  cent  N,  calculated  at  0°  C.  and  760  mm.  pressure. 

The  variation  in  the  compoBitiou  of  cow'b  milk  depends  on 
sevcnd  circumstances. 

The  coloBtTum.  or  the  milk  which  \a  secreted  before  calving  and 
in  the  first  few  days  after,  is  yellowisli,  Rometimes  alkaline,  but  often 
acid,  of  liigh  specific  gravity,  1,046-1.080,  and  richer  in  solids  than 
ordinary  milk.  The  colostrum  contains,  besides  fut-globnles,  an 
abundance  of  colostrum -corpuscles — nucleated  granular  ceils  0.005- 
0.025  mm.  in  diameter  with  abandaut  fat-grains  and  fat-globulcB. 
The  fat  of  colostrum  has  a  somewhat  higlicr-melting  point  and  is 
poorer  iu  volatile  fatty  acids  than  the  fat  from  ordinary  milk 
(Nilson).  The  quantity  of  cholesterin  and  lecithin  ib  genonUly 
greater.  The  moat  apparent  diflference  between  it  and  ordinary 
milk  is  that  colostrum  coagnlatcs  on  heating  to  boiling  be- 
cause of  the  absolute  and  relatively  greater  quantities  of  globulin 
and  albumin  it  contains,  The  quantity  of  the  first  of  thcBO  two 
albuminous  bodies  may  indeed  amount  to  several  per  cent  (Sebb- 
lien).  The  composition  of  colostrum  is  very  variable.  Eonio 
gives  as  average  the  following  figures  in  1000  parts: 


Water. 

Bollds. 

Casein. 

Albumin  aod  Qtobulfu 

Fal. 

Sugar 

740.5 

259.5 

4U,6 

186.3 

84.3 

20.6 

The  properties  of  milk  are  changed  during  lactation  and  it 
becomes  richer  in  casein.  A  change  in  the  amount  of  fat  is  also 
sometimes  observed  (Emuerlinq).  Otherwise  we  often  say  that 
the  milk  becomes  poorer  in  fat  during  lactation  and  the  fat  defi- 
cient in  volatile  tatty  acids.  The  evening  mitk  is  richer  in  fat  than 
the  morning  milk  (Alex.  Muller  and  ErsENSTucK  ;  Nilson). 
The  race  of  the  animal  also  has  a  great  infiuencc  on  the  milk. 

The  infiuence  food  eiercises  npon  milk  will  be  discussed  in  con- 
nection with  the  chemistry  of  the  milk  secretion. 
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Skimmed  mUk....  906.6 

Crexm 1*55.1 

Buller  milk B(t3.7 

WUey 933.4 


Protelda.     Fat. 


ImMc  Add.       BaltK 
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KuHTSS  and  KEPHIR  are  oblalneU  as  above  staled,  by  the  alcoholic  and 
Iftctle  acid  fennenlBtloii  oE  the  piilk-BUgar.  the  flrsl  from  maie'i  milk  &ud  lUe 
last  from  cow'n  milk.  Large  quntititli's  of  carboo  dioKlde  ari'  formed  hereby, 
and  also  IhealbuminouHbodii's  of  the  milk  are  partly  converted  loloalbumoses 
uid  peptoees,  which  increuses  the  digestibility.  Tlie  quaolity  of  lactic  acid 
fa  these  prepunilioiiJi  may  be  about  10-20  p.  m.  The  quantity  of  alcohol  varies 
from  10  to  3S  p.  m. 

■Uk  from  other  Animali.  Ouat's  milk  hu  a  more  yellowish  color  and 
Another,  more  gpeciQc,  odur  than  cow's  milk,  llie  coagulation  oblaiDed  by 
acid  or  rennet  is  more  solid  uad  Is  harder  than  that  from  cow's  milk.  Sheep's 
tnllk  is  similar  to  goat's  milk,  hut  has  a  higher  specific  gravity  and  contaiiiB 
a  greater  amount  of  solids. 

Mark's  milk  is  alkaliue  and  coDtalus  a  casein  which  Is  not  precipitated  by 
Hcids  in  lumps  or  solid  masses,  but.  like  the  casein  from  woman's  milk,  iti  fine 
IJakes.  This  caseiu  is  only  incompletely  precipitated  by  rennet,  and  ills  very 
similur  also  Id  other  respects  to  the  casein  of  human  milk.  According  to  Bibi,, 
the  casein  from  mare's  aud  cow's  milk  is  the  eame,  and  Ihc  dl&erenl  behavior 
of  the  two  varieties  of  milk  is  due  to  different  amounts  of  salts  aud  to  a  dif- 
ferent relation  between  the  casein  and  the  albumin.  The  milk  of  the  Asa  Is 
similar  to  human  milk. 

The  mitk  of  carnitora,  the  bitch  and  cat.  are  acid  in  reaction  and  vetv 
ricb  In  solids.  The  composition  of  the  milk  of  these  animals  varies  very  muck 
with  the  composition  of  the  food. 

To  illustrate  the  composition  of  the  milk  of  other  animals  the  following 
figures,  the  compilation  of  KSnio,  will  he  given.  As  the  milk  of  each  variety 
of  animal  may  have  a  variable  composition,  these  figures  may  only  be  con- 
sidered as  examples  of  the  compoaitioD  of  milk  of  different  kinds. 


Mtlki 


Dog. .  - .  754.4 

Oat 816,8 

Goat..,.  86D,1 

Sheep...  886.0 

Cow 874,3 

Borse,...  000.6 

As« mo.o 

Pig 833.7 


S&lts. 


1S8.7 
180,9 

185.0 
125.8 
9B.4 
100.0 


Woman's  milk  generally  differs  from  cow'a  milk  in  having  an 
alkaline  reaction  and  larger  (at-globulea.  Their  number,  according 
to  BoccsCT,  is  in  most  caaea  1-3  millions  in  1  c.mm.    The  specific 
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gravity  of  womaa'8  milk  is  between  1.026  and  1.035,  but  varies 
generally  between  1.036  aad  1.U34.  This  milk  in  general  baa  a  less 
inclination  to  tui-u  acid,  and  it  therefore  does  oot  cougulnte  dis- 
tinctij. 

The  fat  from  human  milk  has  not  been  thoroaglily  investigated. 
According  to  Hoppe-Seylek,  it  is  richer  in  flnid  fats  than  the  fat 
from  cow's  milk. 

The  esseutial  qualitative  difference  between  woman's  and  cow's 
milk  seems  to  lie  in  the  proteids,  or  in  the  more  accurately  deter- 
mined casein.  A  number  of  investigators,  such  as  Bbrzelius, 
Simon,  Biedert,  Langoakd,  Makris.  and  others,  claim  that  the 
casein  from  woman's  milk  has  other  properties  than  that  from 
cow's  milk.  The  essential  differences  are  the  following :  The 
casein  from  woman's  milk  is  precipitated  with  greater  difficulty 
with  acids  or  salts;  it  does  not  cougulate  regularly  in  the  milk 
after  the  addition  of  rennet ;  it  may  be  precipitated  by  gastric 
juice,  but  dissolves  completely  and  easily  in  an  eicesfl  of  the  stime; 
the  casein  precipitate  produced  by  an  acid  is  more  easily  soluble  in 
an  excess  of  the  acid  ;  and  lastly,  the  clot  formed  from  the  citsein 
does  not  appear  in  such  large  and  course  masses  as  the  casein  from 
cow's  milk,  but  is  more  loose  and  flocciileut.  This  last- mentioned 
fact  is  of  great  importance,  since  it  explains  the  generally-admitted 
easy  digestibility  of  the  casein  from  woman's  milk.  The  question 
as  to  whether  the  above-mentioned  differences  depend  on  a  decided 
difference  in  the  two  caseins  or  only  on  an  unequal  relationship  be- 
tween the  casein  and  the  salts  in  the  two  varieties  of  milk,  or 
upon  other  circumstances,  has  not  been  sufficiently  investigated, 
and  doubtless  further  experiments  will  be  of  great  value.  We 
have  not,  up  to  the  present  time,  any  quite  truetwoi'tliy  analyses  of 
the  caseiu  from  woman's  milk,  but  it  seems  probable  that  the 
caseins  from  woman's  and  cow's  milk  are  not  identical  albuminous 
bodies.  Besides  casein,  woman's  milk  contains  lactalbumin.  and 
certain  investigators  maintain  that  they  have  found  relatively  large 
amounts  of  albumoses  and  peptones.  According  to  other  state- 
ments (DooiBi.  and  Hopheister),  no  peptones  occur  in  woman's 
milk,  and  the  methods  employed  for  detecting  albumoses  seem  to 
have  given  no  positive  results.  The  albuminous  l>odies  of  woman's 
milk  require  more  thorough  invest igatiou.     The  total  quantity  of 
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inilk  eecreted  by  both  mammary  glands  amounts  to  500-1500  grma. 

m  two  hours. 

The  quantitative  composition  of  womav's  milk  is,  even  after 
those  differences  are  eliminated  which  depend  on  the  imperfect 
analytical  methods  employed,  variable  to  such  an  extent  that  it  is 
impoasible  to  give  any  average  results.  Eliniiuating  certain  of  the 
older,  incorrect  analyses,  we  here  give  only  examples  from  tlie  aver- 
age results  of  a  few  modern  investigators,  taken  from  a  very  large 
nambcr  of  analyses  (Pfkiffer,  LEEDt^).  The  following  figures  are 
parts  per  1000. 


W.Wr. 

SotidB. 

P^^Ui. 

P... 

?«?}?- 

Sag»r. 

8^„. 

eie.o 

134.0 

22.10 
38.60 
17  90 
18,00 

le  13 

17.34 
36.30 
19.95 

38.10 
26.60 
83.00 
43-30 
32.38 
29  15 
88.90 
41.81 

^:^^,. 

60.00 

as. 60 

53,90 
58.80 
67,94 
58.92 
55.40 
69.86 

3.90 

"i.W 
2.60 

1.65 
3.00 
3.60 
3.00 

BlEL 

891.0 
873.4 

sfia.o 

890.6 
877.90 
867.32 

108. 0 
137,6 

108.0 
108.4 

183  .'68 

Ukksuk 

3£|74-Vjpfe,f™l 

Uknuks  dv.  Leuh 
Ltiitnfl 

Although  the  composition  of  woman's  milk  is  very  variable, 
and  notwithstanding  that  in  a  few  cases  higher  results  (about  40 
p.  ra.)  have  been  obtained,  by  later  analyses,  for  albuminous  bodies, 
still  it  seems  that  woman's  milk  in  guneral  contains  less  proteide 
and  more  sugar  than  cow's  milk.  The  quantity  of  casein  is  not 
only  absolutely  but  also  relatively  smaller  in  proportion  to  the 
qnantity  of  albumin  in  woman's  than  in  cow's  milk. 

A  further  difference  between  woman's  and  cow's  milk  is  that 
the  first  is  richer  in  lecithin  but  poorer  in  mineral  bodies,  especially 
CaO  and  P,0,  (it  contains  only  ^  and  \,  respectively,  of  the  corre- 
sponding quantity  of  these  mineral  bodies  in  cow's  milk). 

In  regard  to  tlie  quantity  of  mineral  bodies  in  woman's  milk  tho 
analyses  of  Bunqe  are  most  reliable.  He  analyzed  the  milk  of  a 
woman,  fourteen  days  after  deli  very,  whose  diet  contained  very  little 
lommoTi  salt  for  four  days  previous  to  the  analysis  (.1),  and  ^ain 
dree  days  later  after  a  daily  addition  of   30  grms.  NaCi  to  the 
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food  {B).     BuNGE  found  the  foUowJDg  figures  in  1000  parts  of  the 
milk  : 

A  B 

K,0 0.7S0  0.703 

Nft,0 0,333  0357 

CaO 0.828  0.843 

MkO 0.064  0,068 

Fe,0, 0.00*  0.000 

P,0, 0.478  O.UO 

CI 0.4U8  0.445 

The  relutiuuahip  of  the  two  bodies,  pulassium  and  sodium,  to 
each  other  may,  according  to  BrsoE,  vary  considerably  (1.3^,4 
equivalents  potash  to  1  of  soda).  By  the  addition  of  salt  to  the 
food  the  quantity  of  sodium  and  chlorine  in  the  milk  increases, 
while  tlie  quantity  of  potassium  decreases.  The  gases  of  woman's 
milk  have  not  been  investigated. 

The  proper  treatment  of  cow's  milk  by  diluting  with  water  and 
by  certain  additions  in  order  to  render  it  a  proper  Bubstitute  for 
woman's  milk  in  the  nourishment  of  babes  cannot  be  determined 
before  the  difference  in  the  albuminous  bodies  of  these  two  kinds 
of  milk  has  been  completely  studied. 

The  period  of  lactation  acts  essentially  the  same  on  woman's  as 
on  cow's  milk. 

The  colaBtTiim  has  a  higher  specific  gravity,  1.040-1.060,  a 
greater  quantity  of  coagulabte  proteida,  and  a  deeper  yellow  color 
than  ordinary  woman's  milk.  Even  a  few  days  after  delivery  the 
color  becomes  less  yellow,  the  quantity  of  albumin  less,  and  the 
number  of  colostrnm-corpuscles  diminishes.  Cleuu  has  analyzed 
the  colostrum  at  different  periods  before  and  after  delivery,  and 
the  following  are  his  results  in  parts  per  1000: 


FoiirW«k,bero» 
D.11«IT. 

-ST 

before 

I«ll«i7. 

Vim  D.y> 
Delivery. 

«rtw 

Delivery. 

T-oDwi 

I 

s 

D«U.e»7. 

948.3 
54.8 

7.8 
17.3 

803.0 
148.0 

"  69.6' 
41.3 
89.3 

851.7 

148.8 

'iik' ' 
30.a 

48,7 
A.5 

858,8 
141.3 

m.V ' 

33.5 
38,4 
5,4 

848.0 
1B7.0 

"si' 

867.8 

Cweln  

AlbumiD 

31.8 

Milk-sugar 

Salu 

61.0 

; 
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The  total  quantity  of  albumins  Geema  to  ducreaso  with  the  dura- 
tion of  lactatiou.  Pj'EIFI'Eb  found  the  average  figures  for  the 
total  proteids  for  the  two  fij-at  days,  the  tirst  week,  the  second 
week,  the  secoad  month,  and  the  seventh  month  to  be  86.04, 
34.43,  22.88,  18.43,  and  15.21  p.  m.,  reapectively.  Simon  claims 
that  the  amount  of  casein  ia  smaller  in  the  first  Etages  of  lactatiou 
and  then  increases  considerably;  hut  according  to  Pfeipfeb,  just 
the  reverse  takes  place.  The  amount  of  fat  shows  no  regular  and 
constant  variation  during  lactation.  According  to  Vernois  and 
Becquerel,  the  quantity  of  milk-sugar  decreases  in  the  first 
mouths,  but  increases  in  the  eighth  to  the  tenth  month.  According 
to  PFEIPFEE,  the  quantity  of  sugar  increases  from  the  delivery  to 
the  third  to  fourth  month,  and  then  it  is  somewhat  variable. 

The  two  mammary  glanda  of  the  same  womati  may  yield  somewhat 
dUEerent  milk,  as  shown  by  Sourhat  and  later  by  Bkunneh.  Also  the 
diQercDl  portluos  of  milk  from  the  same  milking  maj  have  dlSereol  cutiipoal- 
tfonB.  The  first  portions  arc  always  poorer  in  fal  (Pabhbhtikk,  Peuoot. 
and  atbera). 

According  to  l'Hbiiitier,  Vkbnoib,  and  BecQUBitttL,  the  milk  of  blonds 
contHina  ieaa  casein  than  tliat  of  brunelles.  a  diSereuce  which  ToLMATncsBPr 
could  not  subslaullate.  Women  of  weak  coDsiilutloos  field  a  milk  richer  iu 
solids,  especially  in  casein,  Ibsn  women  wiib  strong  conslitulions  (V.  aud  B,). 

Accoraing  to  Vbkroib  and  Becqcerel,  ibeageof  tlic  woman  husan  effect 
on  the  composition  of  the  milk,  so  that  we  tlud  a  greater  qnsutity  of  proteids 
and  fat  in  women  15-20  years  old  aud  a  smaller  quaurily  of  augar.  The 
smallest  quaoiily  of  proti-ids  and  the  greaiesl  quantity  of  sugar  are  found  at 
20  or  from  35-30  years  of  age.  According  to  V.  and  B.,  the  milk  wilb  the 
tirst-bom  ia  richer  Iu  water— with  a  pro|iortIonHlo  illminutlou  of  the  quantity 
of  casein,  sugar,  and  fal— than  after  several  deliveries. 

Tbe  ioflucncc  of  menstruation  seeuia  U)  sllghtlj'  diailniab  ihe  milk-eugar 
And  lo  consld«rab1y  increase  the  fat  and  casein  (V.  and  B.). 

Wltali's  KiDt  is  Ibe  secretion  of  tbe  mammary  glands  of  new-born  children 
of  both  sexes  immediately  after  birth.  Tbis  Kcretlon  has  from  a  quatilalive 
standpoint  Iho  same  constitution  as  milk,  but  may  sbow  important  differences 
and  variations  from  a  quantilatlve  point  of  view.  ScHLOssBBROERand  HAurT. 
OtlBLBR  and  QcKVKBNK,  and  v.  Oesner  bove  made  Bualyses  of  this  milk  aud 
give  the  followiog  resulU :  10.&-38  p.  to.  proteids.  S.3-14.6  p.  in.  fal,  aud  S-60 
p.  m.  sugar. 

As  milk  is  the  only  form  of  nourishment  during  a  curtain  period 
of  the  life  of  man  and  mammalia,  it  must  contain  all  tbe  nutritious 
bodies  necessary  for  life.  This  fact  is  shown  by  the  milk-contain- 
ing  represontives  of  tbe  three  chief  groups  of  organic-nutritive 
substances,  proteids,  carbohydrates,  and  fat;  and  all  milk  seems 
to  contain  also  some  lecithin.     The  tninerol  bodies  in  milk  must 


^ 
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also  occur  in  proper  proportion,  and  on  this  point  the  obaervations 
of  BtTKQE  on  dogs  are  of  special  interest.  He  found  that  the 
mineral  bodies  of  the  milk  occur  in  aboat  the  same  relative  propor- 
tion as  they  do  in  the  body  of  the  sucking  animal,  Bunob  found 
in  1000  parts  of  the  ash  the  following  resultid  {A  represents  results 
from  the  new-bom  dog  and  B  the  milk  from  the  bitch): 


K,0 114.3  MS.S 

N»,0 ioa.4  88.0 

CaO a9B.3  273.4 

MgO.... 18,3  IB.4 

F^O, 7.3  i.a 

P,0 8»4.a  343.2 

CI 88.5  108.0 

BuvoK  explains  the  fact  that  the  milk-ash  is  richer  in  potash 
and  poorer  in  soda  than  the  new-boru  animal  by  saying  that  In  the 
growing  aninml  the  growing  muscles  rich  in  potash  relatively 
increiiae  and  the  cartilage  rich  in  soda  relatively  decreaaoe.  Bunoe 
seeks  to  explain  the  high  amount  of  chlorine  in  the  milk-ash  also 
teleologically  by  the  statement  that  the  chlorides  not  only  serve  to 
build  up  the  tissues,  bnt  are  indispensable  in  the  secretions  of  the 
kidneys.  In  regard  to  the  amount  of  iron  we  find  nn  unexpected 
condition,  the  ash  of  the  now-born  animal  containing  six  times  as 
much  as  the  milk-ash.  This  condition  Bunoe  explains  by  the  fact 
founded  on  his  and  Zalesky's  experiments,  that  the  qiuintity  of 
iron  in  the  total  organism  is  highest  at  birth.  The  new-born 
animal  has  therefore  a  storage  of  iron  for  the  growth  of  its  organs 
even  at  its  birth. 

Tlie  i'tflnetice  of  the  food  on  the  composition  of  the  milk  is  of 
interest  from  many  points  of  view  and  has  been  the  subject  of 
many  investigations.  From  these  investigations  we  learn  that  in 
hnman  beings  as  well  as  in  animals  an  insufficient  diet  decreases 
the  quantity  of  milk,  and  the  quantity  of  solids  in  the  same,  while 
abundant  food  increases  both.  From  the  observations  of  Decaisne 
on  nursing  women  during  the  siege  of  Paris  in  1871,  the  quantity 
of  casein,  fat,  sugar,  and  salts,  but  especially  the  fat,  was  found  to 
decrease  with  insufficieut  food,  while  the  quantity  of  lactidbumin 
was  found  to  be  somewhat  increased.  Food  rich  in  proteids  in- 
creases the  quantity  of  milk,  and  also  the  solids  contained,  especially 
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the  tax  (u  Bhown  in  women  by  2:albsky,  in  eheep  by  Stolzmaxx, 
Wkiskk,  Scbrodt  ftod  Dehmel  and  Mukk,  in  dogs  by  Poogiai^ 
and  SscBBOTiN.  in  cows — at  least  in  most  caaes — by  Kuax  and  hii 
pnpilfi).  An  iocreaae  in  the  qnaotity  of  caeein,  and  a  decrease  in  the 
albatnin  and  the  engarin  cow^e  milk  after  food  containing  an  exoea 
of  proteida  has  been  obeeired  by  KiJBN  and  his  pnpiU.  The  quan- 
tity of  sngar  in  woman's  milk  is  found  by  certain  investigatore  to  ba  J 
increased  after  food  rich  in  proteida.  wiiile  others  claim  it  is  dimio-l 
iebed.  Food  rich  in  fat  may  in  afaeep,  as  obeeired  by  Siolzuaxs 
Wbjske,  Schrodt  and  Dehmel,  cause  an  increase  in  the  quantity  of 
fat  in  the  milk.  An  increase  in  the  quantity  of  fat  in  cow's  milk  be- 
cansc  of  an  addition  of  fat  to  the  fodder  has  only  been  observed  after 
a  previous  insafficicnt  diet,  but  not  after  a  snCBcient  and  rich  diet 
(KtiH!f  and  Fleischkan!!).  After  feeding  with  palm-oil  cake  a 
one-sided  increase  in  the  fat  of  cow's  milk  was  observed  by  Kuhn. 
The  presence  of  la^e  quantities  of  carbohydrates  in  the  food  seema 
to  cause  no  constant,  direct  action  on  the  quantity  of  the  milk-con- 
stituents. In  camivora  the  secretion  of  milk-engar  proceeds  nnin- 
terrupted  on  a  diet  consisting  excluBively  of  lean  meat.  Watery 
food  gives  a  milk  containing  an  excess  of  water  of  little  valne.  In 
the  milk  from  cows  which  were  fed  on  distillers'  grains  Commaillb 
fonnd  906.5  p.m.  water,  26.4  p.m.  casein,  4.3  p.m.  albumin,  18.2 
p.  m.  fat,  and  33.8  p.m.  sngar.  Such  milk  has  a  peculiar  sour, 
sharp  after-taste. 

Chemistry  of  the  Milk-Secrttion.  That  the  actual ly-dissolvett 
constituents  occurring  in  milk  pass  into  the  secretion,  not  alone  by 
filtration  or  diffusion,  but  more  likely  are  secreted  by  a  specific 
secretory  activity  of  the  glandular  elements,  is  shown  by  the  fuel 
that  milk  sugar,  which  is  not  fonnd  in  the  blood,  is  to  all  appear- 
ancM  formed  in  the  glands  themselves.  A  further  proof  lies  in 
the  fact  that  the  lactalbnmin  is  not  identical  with  serum-albumin 
(Skbeliek);  and  histly,  as  BrxoE  has  shown,  the  mineral  bodies 
Mcreted  by  the  miik  are  in  quite  different  proportions  than  to  those 
in  the  blood-serum. 

Little  is  known  in  regard  to  the  formation  and  secretion  of  the 
specific  constituents  of  milk.  The  older  theory,  that  the  casein  was 
produced  from  the  iactalbumin  by  the  action  of  an  enzyme,  is  incor- 
rect and  originated  probably  from  mistaking  an  alkali-albnminate 
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for  CEuein.  Better  founded  is  the  statement  that  the  casein  origi- 
nates from  the  protoplasm  of  the  gland  cells,  which  seem  to  consist 
of  casein  or  a  substance  related  to  it.  The  previously  (page  3O0) 
mentioned  nucleoalbumin  of  the  gland-cells  appears  to  be  related 
to  casein,  and  it  may  possibly  form  its  mother  substance.  There 
does  not  seem  to  be  any  doubt  that  the  protoplasm  of  the  cells 
takes  part  in  the  secretion  lu  such  a  manner  that  it  becomes  itself 
a  constituent  of  the  secretion.  According  to  Heidenhain,  the 
alveoles  contain  a  simple  layer  of  cells,  which,  in  the  inactive  gland, 
are  flat,  polyhedrons,  and  with  single  nucleus,  while  in  the  active 
gland  they  often  have  several  neuclei,  are  rich  in  albumin,  and  are 
high  and  cylindrical  in  form.  In  the  inner  part  of  the  cell  turned 
towards  the  cavity  of  the  acinus,  single  fat-granules  are  furnied 
during  the  secretion  which  are  broken  offwith  the  edge  of  thecells. 
The  broken-oflf  or  destroyed  cell-substance  in  the  secretion  dissolves 
in  the  milk,  filling  the  lumen  of  the  acinus,  while  the  cells  take  up 
nutrition  by  their  outer  parts,  and  grow,  and  replace  the  inner  parts 
used  in  the  secretion.  This  reminds  us  of  the  action  of  the  pan- 
creas-cells in  the  secretion  of  the  pancreatic  juice.  The  colostrum- 
corpuscles  are  not,  according  to  Heidenhain,  degenerated  fat- 
colls,  but  are  contractile  elements  originating  from  the  epithelium, 
which  take  up  finely-divided  fat  and  thereby  obtain  their  quantity 
of  fat-globules. 

That  the  milk-fat  ia  produced  by  a  formation  of  fat  in  the  proto- 
plasm, and  that  the  fat-globules  are  set  free  by  their  destruction,  is 
a  generally-admitted  opinion  which,  however,  does  not  eselude  the 
possibility  that  the  fat  is  in  part  taken  up  by  the  glands  from  the 
blood  and  eliminated  with  its  secretion.  A  formation  of  fat  from 
carbohydrates  in  the  animal  organism  is  at  the  present  day  consid- 
ered as  positively  proved,  and  it  is  also  possible  that  the  milk-glands 
also  produce  fats  from  the  carbohydrates  brought  to  them  by  the 
blood.  It  is  a  well-known  fact  that  an  animal  gives  otT  for  a  long 
time,  daily,  considerably  more  fat  in  the  milk  than  it  receives  aa 
food,  and  this  proves  that  at  least  a  part  of  the  fat  secreted  by  the 
milk  is  produced  from  proteids  or  carbohydrates,  or  perhaps  from 
both.  The  question  as  to  how  far  this  fat  is  produced  directly  in 
the  milk-glands,  or  from  other  organs  and  tissnes,  and  brought  tOiJ 
the  gland  by  means  of  the  blood,  cannot  be  decided. 
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The  origin  of  the  milk-sugar  U  not  knoim.  Mrxrz  ciills  atten- 
tion to  the  fact  that  a  quantity  of  Terj  widely-diffused  bodies  in 
the  vegetable  kiugdom— vegetable  mucus,  gums,  pectin  bodies — 
yield  galactose  as  products  of  decomposition,  and  he  believes,  there- 
fore, that  the  milk-sugar  may  be  formed  in  herbivora  by  a  gynihesis 
from  dextrose  and  galactose.  This  origin  of  milk-sugar  does  not 
answer  for  carnivora,  as  they  produce  milk-sugar  when  fed  on  food 
consisting  entirety  of  lean  meat.  The  observations  of  Bebt  and 
Thibbfeldbr  that  a  mother-snbetance  of  the  milk-sugar,  a  snccha- 
rogen,  occurs  in  the  glands  cannot,  as  the  nature  of  this  mother-sub- 
stance is  still  unknown,  give  farther  explanation  as  to  the  formation 
of  milk-sugar.  The  question  whether  the  above  (page  300)  mentioned 
proteid,  which  yields  a  reducible  substance  when  boiled  with  dilute 
acids,  has  anything  to  do  with  the  formation  of  milk-sugar  cannot 
be  answered  until  further  thorough  investigations  have  been  made 
OD  this  subject. 

The  passage  of  foreign  substances  into  the  milk  stands  in  close 
connection  with  the  chemical  processes  of  the  milk-secretion. 

It  is  a  well-known  fact  tiiat  milk  acquires  a  foreign  taste  from 
the  food  of  the  auimal,  which  is  in  itself  a  proof  that  foreign  bodies 
pass  into  the  milk.  This  fact  becomes  of  special  importance  in 
reference  to  such  injurious  substances  aa  may  be  introduced  into 
the  organism  of  the  nursing  child  by  means  of  the  milk. 

Among  these  substances  may  bo  mentioned  opium  and  mor- 
phine, which  after  large  doses  pass  into  the  milk  and  act  on  the 
child.  Alcohol  may  jiass  into  tbo  milk  in  such  large  quantities 
that  it  produces  a  stupefying  effect  on  the  child.  Milk  from  cattle 
fed  on  distiller's  grains  may  also  contain  alcohol. 

Among  the  inorganic  bodies  we  0ud  iodine,  arsenic,  bismuth, 
antimony,  zinc,  lead,  mercury,  and  iron  in  the  milk.  After  inuno- 
tiOD-cnres  Paschkis  and  Vajda  detected  mercury  in  the  milk.  In 
icterus  neither  the  bile-acids  nor  bile-pigments  pass  into  the  milk. 


Under  diseased  coodltlonB  do  conelaQl  change  bna  \wea  found  in  womsD's 
milk.  la  l»olBted  casen  ScnLoeeBEKOBR.  Jot-Y  and  Filhul  hnvc  nbwrv^ 
Indeed  bd  esaentlBl  declloiog  ccin|H»ltion,  bul  do  positive  concluaion  can  be 
doHviMl  cherorroiu. 

Tbe  chnn^es  iu  cow's  milk  faave  also  been  HUle  Bludled.  !□  luberculasis  of 
tbe  udiler  STbaeK  found  tulwrcule  bacilli  !□  (be  mflk.  nod  he  also  found  lliat 
tlH  milk  bccnmc  more  and  more  diliued  during  Hiedigeneewilb  a  scroug  liquid 


MILK.  321 

similar  to  blood-serum,  so  that  the  glands,  instead  of  yielding  milk,  only  gave 
b  ood-serum  or  a  serous  fluid.  Husson  found  the  milk  from  cows  sick  with 
murrain  contained  more  proteids  but  considerably  less  fat  and  (in  difficult 
cases)  less  sugar  than  normal  milk. 

The  milk  may  be  blue  or  red  in  color,  due  to  the  development  of  micro- 
organisms. 

The  formation  of  concrements  in  the  exit-passages  of  the  cow's  udder  are 
often  observed.  They  consist  chiefly  of  calcium  carbonate,  or  of  carbonate 
and  phosphate  with  only  a  small  amount  of  organic  substances. 


CHAPTER  XIII. 


THE  BKm  AND  ITS  BBCRBTIONS. 


I 


In  the  structure  of  the  skin  of  man  and  vertebrates  man; 
different  kinds  of  substances  occnr  which  have  already  been  ! 
treated  of,  such  as  the  constituenta  of  tlie  epidermis  formation,  the 
coniiectire  and  fatty  tissues,  the  nerves,  muscles,  etc.  Among 
those  the  different  horn-formations,  the  hair,  nails,  etc.,  whose 
chief  constituent,  keratin,  has  been  spoken  of  in  another  chapter 
(Chap.  II),  are  of  special  interest. 

The  cells  of  the  horny  formation  show,  in  proportion  to  their 
age,  a  different  resistance  to  chemical  reagents,  especially  fixed 
alkalies.  The  jounger  the  horn-cell  the  less  resistance  it  has  to 
the  action  of  alkalies;  with  advancing  age  the  resistance  becomes 
greater,  and  the  cell-membranes  of  many  horn-formations  are  nearly 
insoluble  in  caustic  alkalies.  Keratin  occurs  in  the  horn  formation 
mixed  with  other  bodies,  from  which  it  is  isolated  with  difficulty. 
Among  these  bodies  the  mineral  constituents  in  many  cases  occupy 
ft  prominent  place  because  of  their  quantity.  Huir  leaves  on 
burning  5-TO  p.  m.  ash  which  contains  in  1000  parts  230  parta 
alkali  sulphates,  140  parts  calcium  sulphate,  100  parts  iron  oxide, 
and  400  parts  silicic  acid.  Dark  hair  seems  generally,  but  not 
always,  to  yield  more  iron  oxide  on  burning  than  blond.  The 
tums  are  rich  in  calcium  phosphate,  and  the  feathers  rich  in  silicic 
'  acid. 

The  skin  of  invertebrates  has  been  the  subject,  in  a  few  cases, 
of  chemical  investigation,  and  in  these  animals  several  substances 
lia?e  been  found,  of  which  a  couple,  though  little  studied,  are 
worth  discussing.  Among  these  bodies  tunictn,  which  is  found 
especially  in  the  tunic  of  the  tanicata,  and  the  widely-diffused 
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ehiiin,  found  in   the  cnticle-formation   of  invertebrates,  are  of 
interest. 

TuLiain,  or  animal  celluloae,  occurs,  aa  above  mentioned.  In  the  tuoicota. 
Accordiug  lo  Bkrthklot,  tunlcin  diflera  from  onlluary  celluluae,  being 
colored  vellow  by  iodiue,  and  by  iu  slower  couversloa  into  sugar  on  boiling 
wkh  acldfl.  Otherwise  It  Is  similar  to  oTdloary  cellulose.  The  sugar 
obiained  bf  boillog  tuoiclu  with  acids  Is  grape  sugar,  according  to  Puancbi- 

CUUn  Is  uot  fouud  in  vertebrates.  The  boruy  layer  which  covers  the  Inner 
side  of  the  gizzard  of  birds,  may  perliaps  consist  ef  a  suhslaoce  related  to  cbitfD. 
lu  it) vertebrates  Ibe  cbltin  occurs  in  many  classes  of  animals  ;  it  cannol  be 
positively  asserted  Ibat  true,  typical  cbitlD  is  found  elsewhere  Ihau  In  articu- 
lated aniinnls :  la  these  It  forms  the  chief  organic  constituent  of  the  shell,  i^tc. 

According  to  ScWDWiK,  the  composition  of  chitin  is  probably  C.Hn.N.O,. 
+  n(HiO),  where  n  may  vary  from  1  to  4.  On  boiling  with  mineral  acids  It 
decomposes  and  yields,  aa  Leddbhhose  has  abowu,  glveotamint.  According 
to  SuNDWiE,  a  glucose  is  also  probably  hereby  produced.  He  also  claims  that 
cbillu  is  an  amiuo  derivative  of  a  carbohydrate  of  the  formula  Ct<Hi,,OM. 

In  the  dry  state  cbitiu  forms  n  white,  brittle  mass  retainlug  the  form  of 
the  oHgioal  tissue.  It  is  insoluble  in  boiling  water,  alcohol,  etlier,  acetic  acid, 
dilute  mineral  adds,  and  dilute  alkalies.  It  is  soluble  lu  coticeutnLled  acids. 
It  is  dissolved  without  decomposing  In  cold  concentrated  hydrochloric  acid, 
but  is  decomposed  by  l>oiling  hvdrochloric  acid.  When  chitin  is  dissolved  In 
conceotraled  sulphuric  acid  ana  the  solution  dropped  Into  boiling  water  and 
then  boiled,  we  obtain  u  sutwtance  (glucosamine  or  glucose)  which  reducca 
copper  suboxide  Id  alkaline  sol u lion s, 

Cbllln  may  be  easily  prepared  from  the  wings  of  Insects  or  from  the  ebells 
of  the  lobster  or  the  crab,  the  last  mentioned  having  flrsl  been  extracted  by  an 
acid  so  as  (o  remove  the  lime-salts.  The  wings  or  shelly  are  boiled  with 
caustic  alkali  until  they  are  white,  afterward  washed  with  water,  then  witit 
dilute  acid  and  water,  and  lastly  extracted  with  alcohol  and  ether. 

HTalin  is  the  chief  orEaufc  constituent  of  the  walls  of  hydatid  cysia. 
From  a  chemical  point  of  view  it  stands  close  to  cbitiu,  or  between  It  and  the 
albuinius.  In  old  and  more  trnaspircnt  sacks  it  is  tolerably  free  from  mineral 
bodies,  but  in  younger  sacks  it  contains  a  great  quantity  {\.G%)  of  lime-salts 
{carbonate,  phosphate,  and  sulphate). 

According  to  LtcitB,  its  composition  Is : 


II 


N 
5.2 
4.5 


O 


ItdlSerafromkeraliuon  the  one  hand  and  from  albumin  on  the  other  by  the 
absence  of  sulphur,  also  by  its  yielding  s  variety  of  sugar  in  large  quantities 
ISOj),  which  b  reducible,  fermentable,  and  dexiro-gyrate  when  iKtIled  with 
dilute  sulphuric  acid.  It  differs  from  chitin  by  tne  property  of  being 
eradually  dissolved  by  caustic  potash  or  soda,  or  by  dilute  adds :  also  by 
its  solubility  on  heating  with  water  to  1S0°  C. 

TVifl  coloring  matlers  of  tite  skin  and  horn-foitnatiom  are  of 
different  kinds,  but  have  been  btit  little  studied.  Those  occurring 
in  the  Maipighian  layer  of  the  skin,  especially  of  the  negro,  aud 
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the  black  or  brown  pigment  oocarring  in  the  hair  oelong  to  the 
group  of  coloring  matters  which  have  received  the  name  vielanin, 

Mfllanini.  This  group  includes  several  different  varieties  of 
amorphous  black  or  brown  pigments  which  are  insoluble  in  water, 
alcohol,  ether,  chloroform,  and  dilute  acids,  and  which  occur  in 
the  ekin,  hair,  epithelium-cells  of  the  retina,  iu  sepia,  in  certain 
pathological  formations,  and  in  the  blood  and  urine  in  disease.  Of 
these  pigments  there  are  a  few,  such  as  the  melanin  of  the  eye 
and  that  from  the  melanotic  tumor  of  horses,  the  Mppomelanin 
(NsNCKi  and  Berdkz),  which  are  soluble  with  difficulty  iu  alknlica, 
while  others,  such  as  the  pigment  of  the  hair  and  the  coloring 
matter  of  certain  pathological  swellings  iu  man,  the  phyvialorusin 
(Nencsi  and  Bebdez),  are  easily  soluble  in  alkalies. 

Among  the  melanina  there  are  a  few,  for  example  the  choroid 
pigment,  which  are  free  fi-oni  sulphur;  others,  on  the  contrary,  as 
the  pigment  of  the  hair  and  of  horse-hair,  are  rather  rich  in  sul- 
phur (3—1?:),  while  the  phymatorusin  found  in  certain  swellings 
and  in  the  hair  (Nencki  and  Berdez,  K.  Mobner)  is  very  rich  in 
sulphur  (8-10^).  If  any  of  these  pigments,  especially  the  phyma- 
tornsin,  contains  any  iron  or  not  is  an  important  though  disputed 
point,  for  it  leads  to  the  qneation  whether  these  pigments  are  formed 
from  the  blood -coloring  matters  (Neni'KI  and  Sieber,  K,  Mor- 
ner).  The  difficulties  which  attend  the  isolation  and  purification 
of  the  melanius  have  not  been  overcome  iu  certain  cases,  while  in 
others  it  is  questionable  whether  the  final  product  obtained  has  not 
another  composition  than  the  original  coloring  matter,  owing  to 
the  energetic  chemical  processes  resorted  to  in  its  purification. 
Under  such  circumstances  it  seems  that  a  tabalatloii  of  the  analy- 
aee  of  different  melanin  preparations  made  up  to  the  present  time 
are  of  secondary  importance. 

Among  the  above-mentioned  bodies  belonging  to  the  melanin 
group,  phymatorosin  prepared  by  Nencki  and  Sieber  from  mel- 
anotic tumors,  and  by  E.  Morn'ER  from  the  tumors  and  the  urine 
of  a  patient,  seems  to  be  of  special  interest.  Phymatorusin  is  an 
amorphous  dark-brown  coloring  matter  solublp  in  alkalies  or  alkali 
carbonates,  but  insoluble  in  warm  50-75^  acetic  acid.  In  alkaline 
■olution  it  shows  no  absorption -bands.  According  to  Nencki  and 
Sieber,  it  is  free  from  iron,  but  Mormer,  on  the  contrary,  claims 
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that  it  does  contain  iron.  Moknbb  found  for  tiiis  coloring  mat- 
ter from  tumors  (A)  and  from  urine  (B)  the  following  conipoaition 
calculated  on  the  subetance  considered  aa  ash-free  : 


55.33-66.13 

66.76 

6.65-  6.33 

0.90 

13.30 

ia.a7 

7,97 

901 

O.W8-0.081 

0.30 

Fe 

Nevcki  and  Siebeb  have  also  shown  that  other  melanins,  not 
identical  with  phymatoruain,  occur  iu  melanotic  sarcoma  of  man. 

The  coloring  matter  or  mattera  of  human  hair  contiiin  a  low 
amount  of  nitrogen,  S.5-t  (Sikber),  and  a  variable  but  Iiigh  amount 
of  Bulphur,  2.71-4. 10;(.  The  conaiderable  quantity  of  iron  oiide 
found  in  the  aah  does  not  seem  to  belong  to  the  coloring  mutters. 

Id  addition  to  [lie  colorlug  inatten  of  the  hutiiBD  skio  we  may  also  here 
treat  of  tbc  pi^menta  found  !□  tlie  akla  or  epltlennis-foniiatiou  of  aalm&iB. 

Tbe  beautiful  color  o(  tlte  feathers  ot  taaxiy  birds  depeDds  in  certain  cases 
on  purely  pliyslcal  causes  (fQtertervuce-phenomenBj.  but  in  other  ctiaea  on  col- 
oring muticrs  of  various  kiuda.  Sucli  a  colorlug  matter  is  Ibe  amorphous  red- 
diah-violei  turadn,  which  contains  copper,  aDd  whose  spectrum  is  very  similar 
to  lUat  of  oxyhsmoglobiu.  Kbueekbero  found  a  targe  number  of  coloring 
mailers  [a  birds'  feathers,  namely,  tooerylkrin,  toofalvtn,  turacowrdin,  tooru- 
bin,  pn'Uaei'fuivin,  and  others  which  cannot  be  enumerated  bere. 

Tetrostrytbrin,  so  named  by  Worm,  is  a  red  amorphous  coloriUE  matter 
which  is  soluble  In  alcobol  and  ether,  and  which  occurs  in  ibe  red  warty 
■pots  over  tbe  eyes  of  tbe  beaih-cock  and  tbe  grouse,  and  wliich  is  very  widely 
apread  among  the  inTertebraleB(UAiJ4BrRToN,  Dk  MRitEJKowSKi,  MacMitiin). 
Besides  teirunerytbrin  MacMunn  found  in  (lie  sliells  of  crabs  and  lobsters  a 
blue  colorlngmBlter,ej>aniM;r|Ni((iI^tn.  which  turns  red  with  acids  and  by  boiling 
water.  Harmatoporphyrin,  according  to  HacHunh,  also  occurs  in  the  integu- 
ments of  certain  lower  animals. 

In  addition  to  the  coloring  matters  tbus  far  mentioned  a  few  others  found 
in  certain  animals  Ithough  not  in  tbe  sicin)  will  be  spoken  of. 

CarmlQle  aeld,  or  tbc  red  rulorlug  mailer  of  coeliineal.  has  Ibecompoalllon 
CitHiiOii.  It  gives  sugar  on  boiling  with  acids,  but  this  does  not  correspond 
with  the  recent  sUtemeuts  of  Likberuakn.  The  beautiful  purple  soliiliun  of 
ammoDium  carmiuaie  has  two  ulisnrption -bands  Iretween  D  and  E  whicb  are 
similar  to  those  of  oxyhiemoglobin.  These  bands  lie  nearer  to  fand  clour 
together  and  are  less  diarply  defined,  l^rple  is  tbe  evaporated  residue  from 
the  purple-violet  secretion,  caused  by  tbe  action  of  the  sunlight,  from  the  so- 
called  ■'  purple  gland  "  of  the  tunic  of  certain  species  of  murex  and  purpura, 
Its  chemical  nature  has  not  l>een  investigated. 

Among  the  remaining  coloring  mntler^  found  In  inverlebrata  we  may  men- 
tion blue  *tentoTin.  aetiniochrom.  bontUin.  polypergthrin,  penUierinin,  oHU- 
donin,  eruttaeeorabin,  JantAiiiin.  and  chioTojmyU. 


826  PHYSIOLOGICAL  CHEMISTRY. 

gebom,  when  freshly  secreted,  is  an  oily  semUtluid  masa  which 
Eolidifies  on  the  upper  surface  of  the  skin,  forming  a  greasy  coating. 
The  quantity  is  very  different  in  different  persons.  IIoppe-Seyler 
has  found  a  body  similar  to  ca«ein,  besides  albumin  and  fat,  in  the 
sebnm.  Cholesterin  is  also  found  in  this  fat,  aud  in  especially  large 
quantities  In  the  vernix  caseosa.  The  solids  of  the  sebum  cousist 
chiefly  of  fat  epithelium-cells  and  protein  bodies;  the  verniz  case- 
osa  consiata  chiefly  of  fat. 

Ceramen  ia  a  mixture  of  the  secretion  of  the  sebaceoua  and 
sweat  glands  of  the  cartilaginous  piirt  of  the  outer  organs  of  hear-  ' 
iug.     It  coutaititj  chiefly  soaps  and  fat,  and  besides  these  a  red  sub-  ' 
stance  easily  soluble  in  alcohol  aud  with  u  sweetish-bitter  taste. 

The  preputial  secretion,  smegma  prmpuHi,  contains  chiofly  fat, 
also  cholesterin  and  ammonium  soaps,  which  probably  are  produced   ' 
from  decomposed  urine.     The  bippuric  acid,  benzoic  acid,  and  cal- 
cium oxalate  found  in  the  smegma  of  the  horse  have  probably  the 
same  origin. 


We  may  slso  consider  aa  a  prepuilal  secretion  the  eattoraum.  which  b 
secreted  hy  Iwo  peculiar  glaoduliir  socks  in  the  prepuce  of  the  beaver.  This 
casloreum  Is  a  miilui'e  ot  proleMs,  fat,  resins,  Irucea  of  phenol  (volatile  oil). 
and  a  non-U itroee II  ized  body,  ea»torin,  crysulliziue  in  four-sided  needles  from 
alcohol,  [usoluble  in  cold  water,  but  somewhat  soluble  in  bulling  water,  and 
whose  coinposlUoD  is  Utile  known. 

Wool-fat,  or  the  so-called  fut-swent  of  sheep,  is  s  mixture  of  the  secretion  of 
the  audoriparous  and  sebaceous  glands.  We  find  In  the  watery  cKCrscl  a  large 
quantity  of  potassium  which  Is  combined  with  organic  acid,  volatile  and  non- 
volatile falty  acids,  benzoic  acid,  phenol -sulphuric  acid,  lactic  acid,  malic  acid, 
succinic  acid,  nnil  others  (BinsiNBl,  The  fat  coiitoiua  among  other  bodies 
abundant  quaniliicsof  ethers  of  fatty  acids  with  cholesterin  aud  Igocholesieriu, 

WKUElt  found  that  from  the  glands  of  the  skin  of  a  kangaroo  and  a  dwurf- 
■mtetope  a  oulorless  secreliou  was  eliminated  which  in  the  first  cose,  when  ex- 
posed to  the  air.  formed  a  red  and  in  the  second  case  a  blue  coloring  matter. 
The  secretion  of  the  coccygeal  glauds  of  ducks  aud  geese  contains  a  body  sim- 
ilar to  casein,  besides  albumin,  nucteln,  lecithin,  and  fat,  but  no  sugar  (Dx 
JoKGK).  Poisonous  bodies  have  been  found  in  the  aecretion  of  the  skin  of  the 
eaJaniander  and  the  toad,  respectively,  taman(iartn<ZAl.Rt>ET)  and  bnfidiK{i(M- 
MAAA  and  Casau]. 


The  Sweat.  A  disproportiontilly  large  part  of  the  secretions  of 
the  skin  whose  quantity  amounts  to  about  -^  of  the  weight  of  the 
body  consists  of  water.  !Kext  to  the  kidneys  the  skin  is  the  most 
important  means  for  the  elimination  of  water.  As  the  glands  of 
the  akin  and  the  kidtieys  stand  near  to  each  other  in  regiird  to 
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their  fitnctious,  thej  maj  to  a  certain  extent  act  vicariously  for 
one  aiiothor. 

Various  conditions  aSect  both  the  character  and  quantity  of  the 
Bwi-at  secreted.  Tlie  secretion  differs  for  different  parts  of  the 
skin,  and  it  has  been  stated  that  the  perspirations  of  the  cheek  the 
palm  of  the  hand,  and  under  the  arm  stand  to  each  other  as  100: 
90 :  45,  From  the  unequal  secretion  on  different  parts  of  the  body 
it  tollowfl  that  no  results  as  to  the  amount  of  secretion  for  the  en- 
tire surface  of  the  body  can  bo  calcnlated  from  the  amount  secreted 
by  a  small  part  of  the  skin  in  a  given  time.  In  determining  the 
total  amount  a  stronger  secretion  is  as  a  rule  produced,  and  as  the 
glands  can  with  difficulty  work  for  a  long  time  vith  the  same  energy, 
it  is  hardly  correct  to  estimate  the  quantity  of  secretion  per  24 
hours  from  a  strong  secretion  enduring  only  a  short  time.  Favre 
obtained  3560  grms.  sweat  in  1^  hours  from  the  entire  surface  of 
the  body  in  a  steam-bath  and  with  abundant  drinking  of  water. 

The  perspiration  obtained  tor  investigation  is  never  quite  pure, 
but  contains  cast-off  epidermis-cells,  also  cells  and  fat-globules 
from  the  sebaceous  glands.  Filtered  sweat  is  a  clear,  colorless 
fluid  with  a  salty  taste  and  of  different  odors  from  different  parts 
of  the  body.  The  physiological  reaction  is  acid,  according  to  most 
statements;  still  after  continuous  secretion  the  sweat  may  be  alka- 
line (Fatue  and  Gillibert,  TrChpy  and  Luchsinoer).  An 
alkaline  reaction  may  also  depend  on  a  decomposition  with  the 
formation  of  ammonia.  According  to  a  few  investigators,  the  phy- 
siological reaction  is  alkaline,  and  an  acid  reaction  depends,  accord- 
ing to  these  investigators,  upon  an  admixture  of  fatty  acids  from 
the  sebum.  Moriqoia  found  that  the  sweat  from  herbivora  was 
ordinarily  alkaline,  while  that  from  carnivora  was  generally  acid. 
The  specific  gravity  of  sweat  is  1.003-1.005. 

Perspiration  contains  977.4-995.6  p.  m„  average  988.2  p.  m., 
water,  and  4.4-22.6  p.  m.,  average  11.80  p.  m.,  solids.  The  organic 
bodies  are  neutrai  fah,  ckolesterin,  volatile  fatiy  acids,  traces  of 
albumin  (according  to  Leclehc  habitually  in  horses  ;  sometimes  in 
man  after  hot  baths,  in  Brioiit's  disease,  and  after  the  use  of 
pilocarpin),  also  creatinin  (Capranica),  aromnlic  oxyncidf,  ethereal 
aulphurie  acids  of  phenol  and  nhalojyl  (Kast),  hut  not  of  indoxyl. 
and  lastly  urea.     The  amount  of  uri^a,  which  according  to  Funke 
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is  1.99  p.  m.,  baa  been  more  exactly  determined  in  later  times  bjl 
Aroutinsky.  In  two  steam-bath  experiments,  in  which  in  ths  ' 
course  of  i  and  }  hour  lie  obtained  respectively  225  and  330  c.  c 
sweat,  be  found  1.61  and  1.24  p.  ni.  urea.  In  unemia,  and  in 
ischnria  in  cholera,  urea  may  be  secreted  in  Euch  quantities  by  the 
sweat-glands  that  crystals  deposit  upon  the  skin.  The  mineral 
bodies  consist  chiefly  of  sodium  chloride  with  some  potassium 
chloride,  alkikli  sulphate,  and  phosphate.  The  relative  amounts  of 
these  in  perspiration  differ  materially  from  the  amounts  in  the 
urine  (Fatbe,  Kast),  The  relation^ip,  according  to  Ka8T,  is  aa 
follows : 

Chlorine  :  Phosphate  :  Sulphate 
In  perapinttloQ  1  0.0015  0,009 

In  urine  I         :      0.1S30       :      a3ff7 

KiST  found  that  the  proportion  of  ethereal  sulphuric  acid  to 
the  sulphate  sulphuric  in  sweat  was  1:13.  After  the  administra- 
tion of  aromatic  substances  the  ethereal  snlpiiuric  acid  does  not 
increase  to  the  same  extent  in  the  sweat  as  in  the  mine  (see  Obap, 
XIV). 

Sugar  may  pMS  into  the  sweat  In  diabetes,  but  the  paungc  of  the  blle^col- 
orio^  matten  has  not  beeu  positively  shown  Id  this  sifcrciiuD.  Sejooie  add, 
meemie  acid,  lartarie  aeid,  todiiu,  arienie,  merearie  chloride,  anil  qitxnin«  paaa 
into  ibe  sweat.  Urie  acid  has  also  beeo  found  iu  the  sweat  in  gout,  and 
ej/tlin  in  cyslinum. 

ChrombidriMli  has  been  called  tbe  Mtcratiou  of  colored  sweat.  Somatlmei 
HWeal  bus  been  observed  lo  be  colored  blue  by  indigo  (Bizio),  by  pyocjsnin 
(FotUMM),  or  by  fcmi-pbospbatu  (Koi.lha.kn).  'I'riie  blood-sweat,  fn  which 
biood- corpuscles  exude  (rom  the  opetiings  of  the  glands,  Las  also  been  ob- 
served. 

The  exchange  of  gas  through  the  sicin  in  man  is  of  very  little 
importance  compared  to  the  exchange  of  gas  by  the  lungs.  The 
absorption  of  oiygen  by  tbe  skin,  which  was  first  shown  by  Reg- 
KADLTand  Reiset,  is  very  small.  The  quautity  of  carbon  dioxide 
eliminated  by  tbe  skin  increases  with  the  rise  of  temperature 
(ACBBRT,  UouRio,  FuBiNi,  nnd  RoNciii).  It  is  also  greater  in 
light  than  in  darkness.  It  is  greater  during  digestion  than  when 
faating,  and  greater  after  a  vegetable  than  after  an  animal  diet 
(FcBlNi  and  Rokchi).  According  to  Schaulino  it  is  10  grms., 
and  according  to  Acbbbt  3.9  grms.,  in  24  hours.    In  certain  ani- 
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male,  as  in  frogs,  the  exchange  of  gas  through  the  skin  is  of  great 
importance. 

As  the  exchange  of  gas  through  the  skin  in  man  and  mammalia 
is  very  small,  it  follows  that  the  injurious  and  dangerous  effects 
caused  by  covering  the  skin  with  varnish,  oil,  or  the  like,  can  hardly 
depend  on  a  prevented  exchange  of  gas.  After  varnishing  the  skin 
there  is  a  considerable  loss  of  heat,  and  the  animal  quickly  dies. 
If  the  animal,  on  the  contrary,  be  guarded  from  this  loss  of  heat,  it 
may  be  saved,  or  kept  at  least  alive,  for  a  longer  time.  This  effect 
was  supposed  to  be  due  to  a  poisoning  caused  by  a  retention  of  one 
or  more  substances  of  the  perspiration  {perspirahile  reienium),  ac- 
companied by  fever  and  increased  loss  of  heat  through  the  skin; 
but  this  statement  has  not  been  substantiated.  This  phenomenon 
seems  to  be  due  to  other  causes,  and  at  least  in  certain  animals 
(rabbits)  death  seems  to  ensue  from  the  paralyzation  of  the  vaso- 
motor nerves.  In  anastomosis  the  loss  of  heat  through  the  skin 
seems  to  be  increased  to  such  an  extent  that  the  animal  dies  from 
the  lowered  temperature. 


CHAPTER  XIV. 


THE    URINE. 

The  urine  is  the  moat  important  excretion  of  the  animal  or- 
ganism ;  it  ia  the  meane  of  eliminating  the  nitrogenized  products 
of  eschauge,  also  the  water  and  the  soluble  mineral  substances; 
and  in  many  caaes  it  furnislies  important  data  relative  to  the 
exchange  of  material;  quantitatively,  by  its  variation,  and  qualita- 
tively by  the  appearance  of  foreign  bodies  in  the  excretion.  Also 
in  many  cases  wo  aie  able  from  the  chemical  or  morphological 
constituents  which  the  nrino  abstracts  fronk  the  kidneys,  ureters, 
bladder,  and  urethra  to  judge  of  the  condition  of  these  organs; 
and  lastly,  urinary  analysis  affords  an  excellent  means  of  deciding 
the  question  how  certain  medicines  or  other  foreign  substances 
introduced  into  the  organism  are  absorbed  and  chemically  changed. 
Urinary  analysis  haa  furnished  very  important  particulars  espe- 
cially relative  to  the  last-mentioned  question  in  regard  to  the 
nature  of  the  chemical  processes  taking  place  within  the  organism, 
and  it  is  therefore  not  only  an  important  aid  in  diagnosis  to  the 
physician,  but  it  is  also  of  the  greatest  importance  to  the  toiicol- 
ogist  and  the  physiological  chemist. 

In  studying  the  secretions  and  escretions  the  relationship  must 
be  sought  between  the  chemical  structure  of  the  secreting  organ 
and  the  chemical  composition  of  its  secreted  products,  Inveatiga- 
tions  with  respect  to  the  kidneys  and  the  urine  have  led  to  very 
few  resnlte  from  this  standpoint.  Although  the  anatomical  rela- 
tion of  the  kidneys  has  been  carefully  studied,  their  chemical  com- 
position has  not  been  the  subject  of  thorough  analytical  research. 
In  cases  in  which  a  chemical  investigation  of  the  kidneys  bos  been 
undertaken,  it  has  only  been  in  general  on  the  organ  as  such,  and 
not  on  the  different  anatomical  parts.     An   enumeration  of  the 
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chemical  constituents  of  the  kidaeye  known  at  the  present  time 
can,  therefore,  only  have  a  secondary  value. 

In  the  kidneys  we  find  albumiuous  bodies  of  different  kinds, 
namely,  globulin,  albumin,  and  nudeoalbumin,  also  a  gelatine- 
forming  and  elastic  substance,  and  lastly  a  body  mnilar  to  mucin. 
The  question  as  to  whether  pure  mucin  really  exists  in  the  kidneys 
has  not  been  decided.  The  body  similar  to  mucin,  which  is  a 
nudeoalbumin  and  which  gives  no  reducible  substance  when 
boiled  with  acids  (LoNNfiEitQ),  belongs  chiefly  to  the  papiilee,  while 
the  nucleoalbumio  dissimilar  to  mucin  belongs  to  the  cortical  sub- 
etance.  Fat  only  occurs  iu  very  amuil  umouuts  in  the  cells  of  the 
tortuous  urinary  passages.  Among  the  extractive  bodies  of  the 
kidneys  we  find  xaiUhin  bodies,  also  adenin  (Ehoneckek),  urea, 
and  traces  of  uric  acid,  glycogen,  leucin,  inosit,  tavrin,  and  vystin 
(in  ox-kidueys).  The  quantitative  analyses  of  the  kidneys  thus  far 
made  possess  little  interest.  The  quantity  of  water  in  human  kid- 
neys is  82S.  4  p.m.  according  to  Fbericub,  and  S34.5  p.  m.  according 

to  VOLKHANN. 
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I.  Physical  Properties  of  Urine. 

Coneisteaoy,  transparency,  odor,  and  taste  of  urine.  Urine  is 
under  physiological  conditions  a  thin  liquid  aud  gives,  when 
shaken  with  air,  a  froth  which  quickly  subsides.  Uumaa  nrine  or 
urine  from  camivora,  which  is  habitually  acid,  appears  clear  aud 
transparent,  often  faintly  fluorescent  immediately  after  voiding. 
When  allowed  to  stand  for  a  little  while  hnmau  urine  shows  a  light 
cloud  (nubecula)  which  consists  of  the  so-called  "mucus"  and 
generally  also  contains  a  few  epithelium-celis,  mucus-corpuscles, 
and  u rate-granules.  The  presence  of  a  larger  quantity  of  urates 
(uric-acid  salts)   renders    the  uriao   cloudy,  and    a    clay-yellow. 
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yellowish -brown,  rose -colored,  or  often  briok-red  precipitate  (Wi- 
iiientum  lalertiium)  settles  on  cooling  becaaee  of  tbe  greater  insolu- 
bility of  the  urates  at  the  ordinary  temperature  tlian  at  the  temper- 
ature of  the  body.  This  ctondiness  disappears  on  gently  warming. 
In  new-born  infante  the  clondiness  of  the  urine  durtug  the  first 
4-5  days  is  due  to  epithelium,  mucus-corpuscles,  uric  acid,  and 
urates.  The  urine  of  herbivoni,  which  is  habitually  neutral  or 
alkaline  in  reaction,  is  very  cloudy  on  account  of  the  carbonates  of 
the  alkaline  earths  present.  Human  urine  may  sometimes  be 
alkaline  under  physiological  conditions.  In  this  case  it  is  made 
cloudy  by  the  earthy  phosphates,  and  this  clondiness  does  not  dis- 
appear on  warming,  differing  in  this  respect  from  the  sedimentum 
laterilium.  Urine  has  a  salty  and  fuintly-bitter  taste  produced  by 
sodium  chloride  and  nrea.  The  odor  of  urine  is  peculiarly  aro- 
matic; the  bodies  which  produce  this  odor  are  unknown. 

The  color  of  urine  is  uormally  pale  yellow  when  the  specific 
gravity  is  1.020.  The  color  otherwise  depends  on  the  concentration 
of  the  urine  and  varies  from  pale  etraw-ycllow,  when  the  urine 
contains  small  amounts  of  solide,  to  a  dark  reddish  yellow  or  reddish 
brown  in  stronger  concentration.  As  a  rule,  the  intensity  of  the 
color  corresponds  to  the  concentration,  but  under  pathological 
conditions  exceptions  occur,  and  such  an  exception  is  found  in 
diabetic  nrine,  which  contains  a  large  amount  of  solids  and  has  a 
high  specific  gravity  and  a  pale  yellow  color. 

The  reaction  of  urine  depends  essentially  upon  the  composition 
of  ihi?  food.  The  carnivora  void  an  acid,  the  herbivora  a  neutral 
or  nlkulitie,  urine.  If  a  carnivora  is  put  on  a  vegetable  diet,  its 
urine  may  liecome  less  acid  or  neutral,  while  the  reverse  occurs 
when  an  herbivora  is  starved,  that  is,  when  it  lives  opon  its  own 
flesh,  as  then  the  urine  voided  is  acid. 

The  urine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  reaction, 
and  the  sum  of  the  acid  equivalents  is  greater  than  the  sum  of  the 
base  equivalents.  This  depends  on  tbe  fact  that  in  the  physiolog- 
ical burniDg  of  neutral  substances  (proteids  and  others)  within 
the  organism  acids  are  produced,  chiefly  sulphuric  acid,  but  also 
phosphoric  and  organic  aciils,  such  as  hippuric,  uric,  and  ozalJo 
•cid,  also  aromatic  oxyacids  and  others.  From  this  it  follows  that 
tbe  acid  reaction  is  not  due  to  one  acid  alone.     We  do  not  know  to 
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what  extent  any  one  acid  takes  part  in  the  acid  reaction;  bat  as  the 
sum  of  the  base  equivalents  is  greater  thnii,  or  at  least  the  same  as,  the 
Slim  of  the  inorganic  acid  equiviiionts,  the  ucid  reaction  must  be 
due  iu  greatest  part  to  organic  acids  or  acid  eidta.  It  is  geuenilly 
considered  that  the  acid  reaction  of  human  urine  is  caused  by 
double-ucid  alkali-phospliate  (monophosphate).  The  amount  of 
acid-reacting  bodies  or  combinations  eliminated  by  the  urine  in  24 
hours,  when  calculated  as  oxalic  acid  or  hydrochloric  acid,  is  re- 
spectively 2-*  and  1.15-3.3  grms.  (Vogbl). 

The  composition  of  the  food  ia  not  the  only  influence  which 
affects  the  degree  of  acidity  of  human  urine.  For  example,  after 
taking  food,  at  the  beginning  of  digestion,  when  a  larger  amount  of 
gastric  juice  containing  hydrochloric  acid  is  secreted,  the  uriuc  may 
be  neutral  or  even  alkaline.  The  greatest  amount  of  acid  or  acid- 
ealts  per  hour  is  secreted,  according  to  Vooel,  during  the  night, 
while  according  to  Hoffuank,  it  is  in  the  afternoon.  The  smallest 
amount  is  voided,  according  to  Ho?psianm  during  the  night,  but 
Qdincke  claims  that  it  is  in  the  morning.  It  has  not  infrequently 
been  observed  that  perfectly  healthy  persona  in  the  moniing  void  a 
neutral  or  alkaline  urine  wliich  is  cloudy  from  earthy  phosphates. 
The  eSect  of  muscular  activity  on  the  acidity  of  urine  is  yet 
undetermined.  According  to  Hoffmann  and  Rinostedt,  mus- 
cular work  raises  the  degree  of  acidity,  but  Aditcco  claims  that  it 
decreases  it.  Abundant  perspiration  reduces  the  acidity  (Hofp- 
uann). 

In  man  and  carnivora  it  seema  that  the  degree  of  acidity  of 
the  urine  cannot  be  increased  above  a  certain  point,  even  thongh 
mineral  acids  or  organic  acids  which  are  burnt  np  with  difficulty 
are  taken  in  large  qnantities.  When  the  supply  of  carbonates  of 
the  fixed  alkalies  stored  up  in  the  organism  for  this  purpose  is  not 
sufficient  to  combine  with  the  excess  of  acid,  then  animouia  is  split 
from  the  proteids  or  their  decomposition  prodncts,  and  the  ezceaa 
of  acid  combines  therewith,  forming  ammoninm-aalts  which  pass 
into  the  urine.  In  herbivora  this  splitting  of  ammonia  and  forma- 
tion of  ammonia-salts  does  not  seem  to  take  place,  and  the  herbiv- 
ora therefore  soon  die  when  acids  are  given.  Nevertheless,  the 
degree  of  acidity  of  human  nrine  may  be  easily  diminisbi-d  so  that 
the  reaction  is  neutral  or  alkaline.    This  occurs  after  thi'  taking  of 


834  PBY8I0L00I0AL  CHBMISTST. 

carbonates  of  the  fixed  alkalies  or  of  euch  salts  o{  vegetable  acids — 
tartaric  acid,  citric-acid,  and  maJic-acid  sails— aa  are  eaailj  barnt 
into  carbonates  in  the  organism.  Under  pathological  conditions,  its 
in  the  absorption  of  alkaline  transudations,  the  nrlne  may  become 
alkaline  (Quincke). 

The  degree  of  acidity  cannot  he  deiermitied  byihe  ordinary  acidi- 
metric  process,  since  tne  urine  contains  di-hydrogen  phosphate, 
MH,PO, ,  besides  hydrogen  di-pli08phate  M,1IF0,.  In  the  titra- 
tion thedi-hydrogeu  phosphate  is  changed  gradually  into  M,HPOu 
and  we  obtain  at  a  certain  point  a  mixture  of  the  two  phosphates  in 
variable  proportions,  which  mixture  is  not  neutral  but  amphoteric. 
Since  it  is  generally  admitted  that  the  acid  reaction  of  urine  is  dne 
to  the  di-hydrogeii  phosphute,  it  is  therefore  beat  to  express  the 
degree  of  acidity  by  the  amount  of  di-hydrogen  phosphate  present. 

If  we  wish  to  calculate  the  degree  of  acidity  of  the  urine 
as  di-bydrogen  phosphate  or,  still  more  simply,  aa  phosphoric 
anhydride,  P,Os,  contained  in  this  salt,  the  titration  is  performed 
according  to  the  method  of  Maly  and  Hoppuann,  which  is  as  fol- 
towa:  Theurine  (1UO-200C.C.)  is  treated  with  an  exactly-measured 
quantity  of  i  normal  canstic-soda  solution,  which  is  more  than  suf- 
ficient to  convert  all  the  phosphate  into  basic  phosphate,  or,  in  other 
words,  euongh  to  make  the  arine  strongly  alkaline.  Then  au 
approximate  J  normal  BaCl,  solution  (142.8  grms.  Ba01,,2H0,  in 
a  litre)  is  added  until  uo  further  precipitate  is  formed.  By  this 
means  all  the  phosphoric  acid  is  precipitated  from  the  urine.  Filter 
through  a  dry  filter,  measure  a  quantity  correeponding  to  oU  or 
lOOo.  c.  of  the  original  urine  from  the  filtrate,  and  titrate  with 
i  normal  sulphuric  acid  until  a  neutral  reaction  is  obtained,  using 
litmus-paper  as  an  indicator.  If  the  amount  found  by  this  titration 
be  subtracted  from  the  original  amount  of  caustic  soda  added  to 
this  volume  of  urine,  the  difference  is  the  amount  of  caustic  soda 
necessary  to  convert  the  existing  di-bydrogen  and  hydrogen  di-phos- 
phates  into  normal  pboejDhate.  If  we  designate  this  by  a,  and  the 
qnoQtity  of  total  PjOi  in  milligrammes  in  the  same  quantity  of 
urine,  as  determined  by  a  method  which  wiii  be  described  later,  by  g, 
then  we  obtain  the  quantity  of  Pfit  in  milligrammes  in  the  di-hy- 
drogen phosphate  s  by  the  following  formula:  »  =  17.75  a  —  g 
(Huppert). 

If,  for  example,  in  a  case  in  which  the  conversion  of  both  phos- 
phates into  normal  phosphate  in  100  c.c.  of  the  urine  required  20  e.c. 
caustic  soda,  while  the  total  quantity  of  F,Os  in  100  c.c.  urine  was 
876  milligrammes.  then;»  =  17.75  X  30-275  =  80  milligrammes. 
The  quantity  of  F|Oi  as  simple  acid  phosphate  was  therefore  195 
milligrammes. 


TBE  USINS.  335 

A  urine  with  an  alkaline  reaction  cauaed  b;  Gxed  aUfaliea  haa  a 
very  differenl  diuguostic  value  thau  oue  whose  alkaliuo  reaction  is 
caused  by  the  presence  of  ammonium  carbonate.  lu  the  ktter  case 
we  have  to  deal  with  a  docompoBition  of  the  urea  of  the  urine  by 
the  action  of  micro-organiBms. 

If  we  wish  to  determine  whether  the  alkaline  reaction  of  the 
urine  is  due  to  ammonia  or  fixed  alkalies,  we  dip  a  piece  of  red 
litmus-paper  into  the  urine  and  allow  it  to  dry  eipoaed  to  the  air  or 
to  a  gentle  heat.  If  the  alkaline  reaction  is  due  to  ammonia,  the 
paper  becomes  red  again ;  but  it  it  is  caused  by  fixed  alkalies,  it 
remains  blue. 

The  specific  gravity  of  urine,  which  is  dependent  upon  the 
relationship  existing  between  the  quantity  of  water  secreted  and 
the  solid  urinary  constituents,  especially  the  urea  and  sodium 
chloride,  may  vary  considerably,  but  is  generally  1.017-1. U20. 
After  drinking  large  quantities  of  water  it  may  fail  to  1,003,  while 
after  profuse  perspiration  or  after  drinking  very  little  water  it  may 
rise  to  1.035-1.040.  In  new-born  infants  the  specific  gravity  is  low, 
1.007-1.005.  The  determination  of  the  specific  gravity  is  an  im- 
portant means  of  learning  the  average  amount  of  solids  elimi- 
nated from  the  organism  with  the  urine,  and  on  this  account  the 
determination  becomes  of  true  value  only  when  at  the  same  time  the 
quantity  of  urine  voided  in  a  given  time  is  determined.  The  dif- 
ferent portions  of  urine  voided  in  the  course  of  the  24  hours  are 
collected,  mixed  together,  the  total  quantity  measured,  and  then 
the  specific  gravity  taken. 


Thf,  determination  of  fhe  specific  grovUy  is  most  accurately  ob- 
tained with  the  pyknometer.  For  ordinary  cases  the  specific  grav- 
ity may  be  determined  with  sufficient  accuracy  by  means  of 
areometers.  The  areometers  found  in  the  trade,  or  urtnometers, 
are  graduated  from  1.000  to  1.040;  for  exact  observations  it  is  better 
to  use  two  urino meters,  one  graduated  from  l.OOO  to  1,030,  and  the 
other  from  1.020  to  l.oio.  A  special  urinometer  is  that  of  Hrller, 
which  is  graduated  according  to  Baume's  scale,  from  0  to  8.  Each 
degree  corresponds  to  ~  degrees  of  the  ordinary  urinometer,  and  as 
the  zero-point  of  Hkllbb's  urinometer  corresponds  to  the  figure 
1000,  then  the  1,  1.5,  2,  2.5.  3,  etc..  degrees  of  Heller's  uiiuometer 
OorreB])ond  to  1.007,  1.0105,  1.014. 1.0175,  1.034,  etc.,  of  the  ordi- 
nary specific  gravity. 
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To  determine  the  specific  gravity  of  urine,  if  nGceasary  filter 
the  urine,  or  if  it  cou  tains  a  urate  Bedimeut,  first  dissolve  it  by  gentle 
heut,  then  pour  the  clear  urine  into  a  dry  cylinder,  avoiding  the 
formation  of  froth.  Air-bubbles  or  froth,  when  present,  must  be 
removed  with  a  glaas  rod  or  filter-piiper,  The  cylinder,  which  must 
be  about  \  full,  must  be  wide  enough  to  allow  the  urinometer  to 
Bwim  freely  in  the  liquid  without  touching  the  aides.  The  cylinder 
and  urinometer  Bhould  both  be  dry  or  previously  washed  with  the 
urine.  On  reading,  the  eye  is  brought  on  a  level  with  the  lower 
meniscus — which  occurs  when  the  surface  of  the  liquid  and  the 
lower  limb  of  the  meniscus  coincide ;  the  rending  is  then  made 
from  the  point  where  this  curved  line  cuts  the  scale  of  the 
urinometer.  If  the  eye  is  not  in  the  same  horizontiil  plane  with  the 
convex  line  of  the  meniscus,  but  is  too  high  or  too  low,  the  surface 
of  the  lii^uid  assumes  the  shape  of  an  ellipse,  iind  the  reading  in 
this  position  is  incorrect.  Before  reading  press  the  urinometer 
gently  down  into  the  liquid  and  then  allow  it  to  rise,  and  wait  until 
it  is  at  rest. 

If  the  quantity  of  urine  at  disposal  is  not  sufficient  to  fill  the 
cylinder  to  tne  proper  height  it  may  be  diluted,  according  to  circum- 
Btanoes,  with  an  equal  volume  or  several  volumes  of  water.  This  does 
not  give  quite  iiccurRte  results,  and  with  small  quantities  of  urine 
it  is  best  to  determine  the  specific  gravity  by  means  of  the  pyk- 
nometer. 

Each  urinometer  is  graduated  for  a  certain  temperature,  which 
is  marked  on  the  instrument,  or  at  least  on  the  best.  If  the  urine 
is  not  at  the  proper  temperature,  the  following  corrections  must  be 
made:  For  every  three  degrees  above  the  normal  temperature  one 
unit  of  the  last  order  is  added  to  the  reading,  and  for  every  three 
degrees  below  the  normal  temperature  one  unit  (as  above)  is  sub- 
tracted from  the  specific  gravity  observed.  For  example,  when  a 
urinometer  graduated  for  -f- 15  C.  shows  a  specific  gravity  of  1.017 
at  -f  24°  C,  then  the  specific  gravity  at  +  16°  0.  =  1.017  +  0.003 
=  1.020. 


II.  Organic  Physiological  Constituents  of  the  Urine. 
Urea,  Ur,  which  is  ordinarily  considered  as  carbamid,  CO(NH,),, 
may  be  synthetically  prepared  in  sevenil  different  ways,  namely, 
from  carbonyl-chloride,  or  carbonic-acid  ethvLether  and  ammonia, 
OOCl,  +  2Nn,  =  CO(NH,),  +  3HCI,  or  (C,"n,)^0,.CO  -f  2NH,  = 
2(03»-OH)  +  CO{NH,),;  by  the  metameric  decomjtosition  of 
ammonium  cyanat«,  (Nn.).O.CN  =  CO(NH,),  (Woblee,  1828); 
AUd  ill  many  other  ways.     It  is  also  formed  by  the  decompositioa 
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or  oxidation  of  certain  bodies  found  in  tlie  aDimal  organism,  such 
as  cre»tiu  and  uric  acid. 

Urea  ie  fontid  most  abundant  in  the  urine  of  carnivora  and  man, 
but  in  Buialler  quuHtities  in  tliat  of  hevbivora.  The  quantity  in 
human  urine  is  ordinarily  20-30  p.  m.  It  has  also  been  found  in 
the  urine  of  certain  birds  and  amphibians.  Urea  occurs  iu  the  per- 
spii'ation  in  small  quantities,  about  X'  p.  m.,  and  as  truces  in  tlie 
blood  and  in  most  of  the  animal  fluids.  It  is  also  found  in  certain 
tissues  and  organs,  especially  in  the  liver  (in  mammalia)  and  tlie 
spleen,  but  not  in  the  mnsctes.  Under  pathological  conditions,  as 
in  obstructed  secretion  of  urine,  the  urea  in  the  animal  fluids  and 
tissues  may  increase  to  a  considerable  amount.  Under  these  cir- 
cumstances it  may  also  occur  in  the  muscles. 

The  quantity  of  urea  which  is  voided  in  24  hours  on  a  mined 
diet  is  in  a  grown  man  about  30  grammes,  for  women  somewhat 
less.  Children  void  absolutely  less,  but  relative  to  their  body- 
weight  the  excretion  is  larger  than  in  grown  persons.  The  physio- 
logical siguificHuce  of  urea  lies  in  tho  fact  that  this  body  forms  in 
man  and  carnivora,  from  a  quantitative  standpoint  the  most  im- 
portant nitrogenized  final  product  of  the  metabolism  of  proteid 
bodies.  On  this  account  the  elimination  of  urea  varies  to  a  great 
estent  with  the  amount  of  proteid  transformed,  and  above  all  with 
the  quantity  of  absorbable  proteidS  in  tlie  food  taken.  The  el  iminu- 
tion  of  urea  is  gi'catest  after  an  exclusive  meat  diet,  and  lowest, 
indeed  less  than  during  starvation,  after  the  consumption  of  bodies 
free  from  nitrogen,  for  these  diminish  the  metabolizatiou  of  the 
proteids  of  the  body. 

If  the  consumption  of  the  proteids  of  the  body  is  increased,  then 
the  elimination  of  urea  is  coiTespondingly  increased,  This  is  fouud 
to  ft  rather  high  degree  in  certain  diseases  with  fever;  also,  though 
to  a  less  extent,  after  taking  common  salt  or  after  abundant  drink- 
ing of  water  (Voit).  The  elimination  of  urea  is  ako  somewhat 
increased  by  several  medicines;  and  lastly  it  ie  also  increased  after 
poisoning  with  arsenic,  antimony,  and  phosphorus,  by  the  diminished 
supply  of  oxygen — as  in  severe  and  continuous  dyspnoea — poisoning 
with  carbon  monoxide,  hemorrhage,  etc.  In  these  cases  an  exact 
difference  lias  not  always  been  made  between  the  urea  and  the  total 
quantity  of  nitrogen  in  the  urine,  and  it  is  jnst  this  last  which  is 
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often  the  caase  of  the  locreaso  found  in  these  caeoa.  The  amount 
of  nitrogen  contaiued  in  the  nrea  does  not  correapoud  with  the 
total  amount  of  nitrogen  in  the  urine,  since,  as  Pfliigeb  has  ahown, 
the  amount  of  nitrogen  which  under  physiological  conditions  occurs 
combined  with  other  combinations  than  urea  is,  on  an  average, 
13.4)(,  Hometimea  indeed  16^,  of  the  totul  nitrogen.  In  disease  this 
relationship  may  be  casontially  changed  and,  as  an  example,  in 
a  case  of  phosphorus  poisoning  Fkabnkel  observed  that  the 
amount  of  nitrogen  contaiued  in  the  urea  was  less  than  one  half 
■  of  the  total  amount  of  nitrogen  in  the  urine. 

A  diminished  elimination  of  urea  occurs  in  a  reduced  consump- 
tion of  proteids,  and  alao — a  fact  which  is  of  interest  in  regard  to 
the  importance  of_the  liver  in  the  formation  of  urea — in  certain 
dkeaaes  of  the  liver,  as  in  acute  yellow  atrophy  and  sometimes  in 
interstitial  cirrhosis.  Under  these  conditions  the  amount  of  ammo- 
nia in  the  urine  as  compared  to  the  urea  may  be  increased  (Ual- 
LERVORDBM,  Stadelmann).  In  discases  of  the  kidneys  which 
disturb  or  destroy  the  integrity  of  the  epithelium  of  the  tortuous 
nrinarj  passage  the  elimination  of  urea  is  considerably  diminished. 

Forinalion  of  urea  in  the  organiam.  The  experiments  to  produce 
urea  directly  from  tho  proteids  by  oxidation  have  not  led  to  any 
positive  reeultH.  We  often  obtain  amido-acids  as  decomposition 
products  of  albnmiu  (aec  page  17),  and  we  therefore  conclude  that 
the  amido-acids  are  intermediate  stcpa  in  the  formation  of  urea 
from  albumin.  It  has  alao  been  ahowu  that  leucin  and  glycocoll 
{ScHULTZEN  and  Nencki,  Salkowski),  and  aaparagiuic  acid  (v. 
Emierieu)  may  be  transformed  into  urea  within  the  organism. 
The  nature  of  the  chemical  processes  by  which  these  transforma- 
tiona  are  eSecled  is  unknown.  Many  other  ways  for  the  formation 
of  urea  have  been  suggested,  bnt  the  only  one  which  has  been 
demonstrated  is  the  formation  from  ammouinm  carbonate  in  the 
liver.  After  the  researches  of  v.  Knieriem,  Salkowski,  Feder, 
MuHCK,  ScHMiEDEBERG  and  Walter,  and  Hallervordbn  had 
shown  that  ammonium  carbonate,  or  such  ammoninm-salts  as  are 
burnt  up  in  the  system  into  carbonate,  is  converted  into  urea  in  the 
body  of  carnivora  and  herbivora,  v.  tjcHRODEK  furnished  a  decisive 
proof  of  the  formation  of  nrua  from  ammonium  carbonate  in  the 
liver  of  mammalia.     By  passing  blood  which  had  been  treated  with 
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ammonium  carbonate  or  ammonium  formate  through  a  dog's  liver, 
he  found  that  a  considerable  formation  of  urea  took  place.  The 
very  careful  obeervationa  of  Salomon  confirm  thia,  and  also  the 
above-mentioned  decrease  of  urea  and  iucreuAe  of  ammonia  io  the 
urine  in  certain  diseases  of  the  liver. 

It  cannot  be  denied  that  the  formation  of  uiea  in  the  liver  is  of 
gruat  physiological  importance;  but  still  it  does  not  follow  that  all 
the  urea  has  its  origin  in  this  organ.  The  possibility  of  a  formation 
of  urea  from  creatin  orxanthiu  bodies  is  not  to  be  rejected  without 
further  inquiry,  and  other  poasibilities  as  to  its  formation  are  con- 
ceivable. 

The  question  in  which  organ  urea  is  formed  haa  been  the 
subject  of  much  discussion.  From  the  researclies  of  numerous 
investigators,  Pbevost  and  Dcmas,  Meissner,  Voit,  Grehant, 
OscHEiDLEN,  Salkowski,  and  V.  ScHKODEB,it  has  been  found  that 
the  extirpation  of  the  kidneys  causes  a  considerable  increase  in 
the  quantity  of  urea  in  the  blood.  The  kidneys,  therefore,  although 
they  may  produce  urea  generally,  are  not  the  only  organs  which 
produce  it.  By  experiments  performed  on  the  removed  kidneys, 
which  were  analogous  to  the  above-mentioned  experiments  on  the 
removed  liver,  v.  ScuKdDER  has  shown  that  neither  the  kidneys 
nor  the  muscles  nor  the  remaining  tissues  of  the  lower  extremities 
of  the  dog  have  the  property  of  forming  urea  from  ammonium  car- 
bonate. The  only  organ  in  which  a  formsition  of  urea  jjas  been 
proved  with  certainty,  thus  far,  is  the  liver,  but  this  does  not  ex- 
clude the  possibility  that  urea  may  also  be  formed  in  other  organs, 
perhaps  from  other  material  than  ammonium  carbonate  and  in 
other  ways. 

Properties  and  Reactions  of  Urea.  Urea  crystallizes  in  needles 
or  in  long,  colorless,  tour-sided,  often  hollow,  anhydrous  rhombic 
prisms.  It  has  a  neutral  reaction  and  produces  a  cooling  sensation 
on  the  tongue  like  saltpetre.  It  melts  at  130°-132''  C,  but  decom- 
poses already  at  about  100"  C.  At  ordinary  temperatures  it  dis- 
solves in  equal  weight  of  water  and  in  five  parts  alcohol;  it  requires 
one  part  boiling  alcohol  for  solution;  it  is  sparingly  soluble  in 
ether.  If  urea  in  substance  is  heated  in  a  test-tube  it  melts,  de- 
composes, gives  o9  ammonia,  and  leaves  finally  a  non-transparent 
white  residue  which,  among  other  substances,  contains  biuret  and 
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which  dissolves  in  water,  giving  a  beautiful  reddish- violet  liquid 
with  copper  anlpliate  and  alkali  (biuret  reaction).  Ou  heating  with, 
baryta-water  or  caustic  alkali,  urea  splits  into  carbon  dioxide  and 
ammonia  with  the  addition  of  water ;  this  also  takes  place  by  thft 
action  of  micro-organ  isms,  which  produces  the  so-called  alkaline 
fermentation  of  urine.  The  same  decomposition  is  produced  when 
urea  is  heated  with  concentrated  sulphuric  acid.  An  alkaline  solu- 
tion of  sodium  hypobromite  decomposes  urea  into  nitrogen,  carbon 
dioxide,  and  water  according  to  the  equation 

CON.H,  +  3NaOBr  =  3NaBr  +  CO,  +2H,0  -\-  N^ 

TJrea  forms  with  many  acids  crystalline  combinationB.  Among* 
these  the  one  with  nitric  acid  and  the  one  with  oxalic  acid  are  the 
most  important. 

Urea  Nitrate,  CO(NHj},.HNO,.  This  combination  on  crys- 
tallizing quickly  forms  thiu  rhombic  or  aix-sided,  overlapping 
tiles,  colorless  plates,  whose  point  has  an  angle  of  82°.  On  slowly 
crystailiziug,  larger  and  thicker  rhombic  pillars  or  plates  ai'e  ob- 
tained. This  combination  is  rather  easily  soluble  in  pure  water, 
.but  is  considerably  less  soluble  in  water  containing  nitric  acid;  it 
may  be  obtained  by  treating  a  concentrated  solution  of  ui'ea  with 
an  excess  of  strong  nitric  acid  free  from  nitrous  acid.  On  beating 
this  combination  it  volatilizes  without  leaving  a  residue. 

Thts  compound  mny  be  employed  with  adTanlBgo  In  detecling  Bmall 
tunounls  of  urea.  A  drop  oF  tbe  ronceulralad  solution  ia  placed  on  a  micro- 
Bcope-sllde  acd  the  cover-glaas  plnced  upon  it  ;  r  drop  of  nllric  acid  la  lUen 
placed  OH  llie  side  of  Ibe  cover-glass  and  nllowed  to  flow  under.  Tlie  forma- 
tlou  of  crystftU  begins  wliere  the  soliitioD  and  (he  nitric  acid  meet.  Alkali 
nitrates  may  crj-Blalliie  very  similarly  to  ures  nitrate  when  tliey  are  con- 
taminated witb  other  bodies  ;  therefore,  in  testing  for  uron,  the  crystals  must 
be  identified  aa  urea  nitrate  by  heatiDg  and  by  other  meana. 

Urea  Oxalate,  2.00(NH,)pH,C,0,-  Tliis  compound  is  more 
sparingly  soluble  in  water  than  the  nitric-acid  compound.  It  is 
obtained  in  rhombic  or  six-sided  prisms  or  plates  on  adding  a 
Mtnrated  oxalic-acid  solution  to  a  concentrated  solution  of  urea. 

Urea  also  forms  combinations  with  mercuric  nitrate  in  variable 
proportions.  If  a  very  faintly-acid  mercuric-nitrate  solution  is 
added  to  a  two-per-cent  solntion  of  urea,  and  the  mixture  carefully 
aeatralized,  a  combination  is  obtuined  of  a  constant  com|>ositioii 
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which  coiitaina  for  every  10  parts  of  urea  7.2  parta  mercuric  oxide. 
This  compound  serves  aa  the  basis  of  Liebiq's  titration  method. 
Urea  combineB  also  with  saltg,  forming  moatlj  crygtallizable  combi- 
nations,  as,  for  instance,  with  sodium  chloride,  with  the  chlorides  of 
the  heavy  metals,  etc.  An  alkaline  but  not  a  neutral  solution  of 
urea  is  precipitated  with  mercuric  chloride. 

The  method  of  preparing  urea  from  urine  is  chiefly  as  follows  ; 
Concentrate  the  uruio,  which  has  been  faintly  acidified  with  8u!> 
phuric  acid,  at  a  low  temperature,  add  an  excess  of  nitric  acid,  at 
the  same  time  Iceeping  the  mixture  cool,  press  the  precipitate  well, 
decompose  it  in  water  with  freshly-precipitated  barium  carbonate, 
dry  on  the  water-bath,  extract  the  residue  with  strong  alcohol, 
decolorize  when  necessary  with  animal  charcoal,  and  filter  while 
warm.  The  urea  which  crystallines  on  cooling  is  purified  by 
recryatallization  from  warm  alcolioh  A  further  quantity  of  urea 
may  be  obtained  from  the  mother-liquor  by  concentration.  The 
urea  is  purified  from  contaminating  mineral  bodies  by  rediasolving  in 
alcohol-ether.  If  it  is  only  necessary  to  detect  the  presence  of  urea 
in  urine,  it  is  sufficient  to  concentrate  a  little  of  the  urine  on  a 
watch-glass  and  after  cooling  treat  with  an  excess  of  nitric  acid. 
In  this  way  we  obtaiu  crystals  of  urea  nitrate. 

Quantitative  Ealiinalion  of  Urea  in  urine.  The  methods 
suggested  for  this  purpose  are  those  of  Libbig,  by  titration,  of 
Heintz  and  Raosky,  also  that  of  Kjeldahl,  by  which  the  total 
nitrogen  is  determined,  and  those  of  Bdnsen  and  Knop-Hufmer, 
where  urea  is  intended  to  he  determined  as  such.  Among  these 
methods,  that  of  Liebio,  which  is  perhaps  the  one  most  frequently 
employed  by  physicians,  will  here  be  carefully  expluined.  In  regard 
to  the  others,  whose  chief  points  only  will  bo  spoken  of  here,  the 
studeut  is  referred  to  other  text-books. 

Liebiq's  uethod  is  based  upon  the  fact  that  a  dilute  solution 
of  mercuric  nitrate  under  proper  conditions  precipitates  all  the  nrea 
forming  a  compound  of  constant  composition.  As  indicator,  a 
soda  solution  or  a  thin  paste  of  sodium  bicarbonate  is  used.  An 
excess  of  mercuric  nitrate  produces  herewith  a  yellow  or  yellowish- 
brown  combination,  while  the  combination  of  urea  and  mercury  is 
white.  PFLi'OER  has  given  full  part.iculai-s  of  this  method;  there- 
fore we  will  describe  PFLUGEtt's  modification  of  LiEitie's  method. 

As  phosphoric  acid  is  also  preoipitatod  by  the  mcicurio- 
uitrate  solution,  this  must  be  removed  from  the  urine  by  the  addi- 


342 


PHTSlOLOaiCAL   CBEMIBTRT. 


tion  of  a  ban-ta  solution  before  titration.  Pflugee  also  suggested 
that  the  acidltv  jiroduced  by  the  mercury  solution  be  neutralized 
with  a  Boda  solution.  The  liquids  necessary  foi'  the  titration  are 
the  following: 

1.  Mercuric  Nitrate  Solution.  This  solution  is  calculated  for  a  2% 
urea  solution,  and  30  c.  c.  of  the  first  should  correspond  to  10  c.  c.  of 
the  latter.  Each  c.  c.  of  the  mercury  solution  corresponds  to 
0.01  grm.  urea.  As  a  small  excess  of  HgO  Is  necessary  in  the 
urine  to  make  the  final  reaction  (with  alkali  carbonate  or  bicarbon- 
ate) appear,  each  c.  c.  of  the  mercury  solution  must  contain  0.07T2 
instead  of  0.0720  grm.  IlgO.  The  mercury  solution  contains  there- 
fore 77.2  grms.  UgO  io  one  litre. 

The  solution  u\^y  be  preparod  from  ptre  mercury  or  mercuric  oxide  by 
disaoMni;  Id  oitric  acid.  1  be  solution,  freed  as  completely  as  poaalblc  from  an 
excess  of  acid,  ia  diluted  bv  the  careful  addition  uf  water.  stiriinK  meanwhile, 
until  it  has  BspeoiHc  gravity  of  1.10  or  a  little  higher  ul  -{-aO'C,  The  solu- 
tion Is  standardized  witli  a  3|(  solulioD  of  pure  uica  which  has  been  dried 
over  sulphuric  acid,  and  the  operatiuu  cuoducied  aa  will  he  di«cribed  later. 
If  the  golutioQ  Is  too  conc«ntral«*l,  it  is  corrected  by  Ihe  c»refiil  addition  of  the 
necessary  amount  of  water,  avoiding  basic  suit,  and  titrated  again.  The  aolu- 
tloD  is  correct  if  1&,8  C.  c.  of  it  is  luldcd  at  once  to  10  c.  c.  of  the  urea  solu- 
tion and  the  necessary  quantity  of  normal  BodaBoliilioii(ll-lS  c.  c,  or  more)  to 
I  oomplelely  neutralize  the  liquid,  gives  the  Qual  reaction  nhea  20  c.  c.  of  the 
mercury  soluliou  have  lieun  employed. 

2.  Baryta  Solution.  This  consists  of  1  vol.  barium -nitrate  and 
2  vols,  barium-hydrate  solution,  both  saturated  at  the  ordinary 
temperature. 

3.  Normal  Soda  Solution.  This  solution  contains  53  grms.  pare 
anhydrous  carbonate  in  1  litre  of  water.    According  to  Ppluqeh,  a 

1  solution  having  a  specific  gravity  of  1.053  is  snflBcient.  The 
I  ftmount  of  this  soda  solution  necessary  to  completely  neutralize  the 
f  icid  e«t  free  during  the  titration  is  determined  by  titrating  with  » 
pure  2*  urea  solution.  To  facilitate  operations  a  table  can  be 
made  showing  the  quantity  of  soda  solution  necessary  when  from 
I  10  to  35  c.  c.  at  the  mercury  solution  is  used. 

Before  the  titration  the  following  must    be   considered.     The 
I  chlorides  of  the  urine  interfere  with  the  titration  in  that  a  part  of 
Bthe  mercuric  nitrate  is  transformed  into  meruuric  chloride,  which 
l|4oeB  not  precipitate  the  urea.     The  chlorides  of  the  urine  are  there- 
More  removed  by  a  silver-nitrate  solution,  which  also  removes  any 
^tromino  or  iodine  combinations  which  may  exist  in  the  nrine.     If 
flle  urine  contains  albumin   in   noticeable   amounts,  it  must  be 
;emored  bv  coagulation  and  the  addition  of  acetic  acid,  but  care 
jnuat  be  taken  that  the  concentration  and  the  volume  of  the  nrine 
T   not  changed    during   these   operations.     If  the  urine   contains 
nmoniuni   carbonate  in   notable  quantities,  caused  by  alkaline 
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fermentatioit,  this  titration  method  cannot  be  applied.  The  same 
is  true  of  urine  contuinitig  leuciu,  tyroain  or  medicinal  preparations, 
precipitated  by  mercuric  DitraCe<. 

Ill  cases  wQere  the  uriuo  is  free  from  albumin  or  sugitr  and  not 
sjieciaily  poor  in  chlorides,  the  quantity  of  urea,  and  also  the 
approximate  quantity  of  mercuric  nitrate  necessary  for  the  titration, 
may  be  learned  from  the  specific  gravity.  A  specific  gravity  of 
1.010  corresponds  to  about  10  p.  m.,  the  speciiic  gravity  1.015 
generally  somewhat  less  than  15  p.  m.,  and  the  epeclGc  gravity 
1.013-1.020  abont  15-20  p.  m.  urea.  With  a  specific  gravity  higher 
than  1,020  the  urine  generally  contaius  more  than  20  p.  m.  of  urea, 
and  above  this  point  the  amount  of  urea  increases  much  more 
rapidly  than  the  specific  gravity,  so  that  at  a  specific  gravity  of 
1.030  it  contains  over  40  p.  m.  urea.  In  fevers,  urine  with  a 
specific  gravity  above  l.Q'iKi  sometimes  contains  30-10  p.  m.  nrea, 
or  even  more. 

PBEPAKATION  FOB  THE  TiTiLATiOK.  If  H  lurge  amount  of  nrea 
is  suspected  from  a  high  specific  gravity,  the  urine  must  first  be 
diluted  with  a  carefully-measured  quantity  of  water,  so  that  the 
amount  of  urea  is  reduced  below  30  p.  m.  In  a  special  portion  of 
the  same  urine  the  amount  of  chlorides  is  determined  by  one  of  the 
nietlioda  which  will  bo  given  later,  and  the  number  of  c  c.  of  silver- 
nitrate  solution  necessary  ia  noted.  Then  a  larger  quantity  of  urine, 
say  100  c.  c„  is  mixed  with  one  half  or,  if  this  is  not  sufficient  to 
precipitate  all  the  sulphuric  and  pliosplioric  acids,  with  an  equal  vol- 
ume of  tiie  baryta  solution,  it  is  then  allowed  to  stand  a  little  while, 
and  the  precipitate  is  filtered  through  a  dried  filter.  From  the  fil- 
trate containing  the  urine  dilated  with  water  a  proper  quantity, 
corresponding  to  about  60  c.  c.  of  the  original  urine,  is  measured, 
and  exactly  neutralized  with  nitric  acid  added  from  a  burette,  so 
that  the  exact  quantity  employed  is  known.  The  neutralized  mix- 
ture of  urine  and  baryta  is  treated  with  the  proper  quantity  of 
silver-nitrate  solution  necessary  to  completely  precipitate  the  chlo- 
rides, which  was  ascertained  by  a  previous  det^rmitintion.  The  mix- 
ture containing  a  known  volume  of  urine  is  now  filtered  through  a 
dried  filter  into  a  flask, and  from  tlio  filtrate  an  amount  is  measured 
corresponding  to  10  c.  c,  of  the  original  urine. 

ExEctTiON  OF  THE  TiTEATiON.  Nearly  the  total  quantity  of 
mercuric-nitrate  solution  to  be  used,  and  which  is  known  from  the 
specific  gravity  of  the  urine,  is  added  at  once,  and  immediately 
afterwards  the  quantity  of  soda  solution  neceesarv.  as  indicated  by 
the  table.  If  the  mixture  becomes  yellowish  in  color,  then  too  much 
mercury  solution  has  been  added  and  another  determination  must 
be  made.  If  the  test  remains  white,  and  if  u  dron  taken  out  and 
placed  on  a  gloss  plate  with  a  dark  background  una  stirred  with  a 
drop  of  a  thin  paste  of  sodium  bicarbonate  dues  not  give  a  yellow 
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c.  c,  we  have  then  20.5  -  |{39.6  -  30.5)x0.08}  =  20.5  -  1.53  = 
18.97,  and  the  corrected  quantity  of  mercury  solution  is  therefore 
18,97  c.  li.  If  the  metisnred  c.  c.  of  the  gltntte  (in  thU  case  25.8  c,  c.) 
correBponds  to  10  c.  c.  of  the  original  urine,  then  the  amount  of 
urea  is  18.97  X  0.01  =  0.1897  =  18.97  p,  m.  urea. 

Besides  the  urea  other  nitrogenized  constituents  of  the  urine 
are  precipitated  by  the  mercury  solution.  By  the  titrution  wa 
rL'ully  do  not  obtain  the  quantity  of  urea,  but,  as  PflC'QEB  haa 
shown,  the  total  quantity  of  nitrogen  in  the  urine  expressed  &a 
urea.  As  the  urea  contains  4C.G7  p.  c.  N,  the  total  quantity  ot 
nitrogen  in  the  urine  may  be  calculated  from  the  quantity  of  ureil 
found. 

The  results  obtained  by  LiEBio-PFLiJGEK's  titration  method 
for  the  total  nitrogen,  Pfldgbr  has  shown,  correspond  well  with 
the  results  obtaiued  by  Kjeloahl'b  method,  which  was  first  (1801) 
nsed  by  Aluem  for  urea  determinations,  and  modified  by  PFLtioER 
and  BoHLAND.  This  method  conaists  in  heatmg  the  urine  a  cer- 
tain time  with  an  excess  of  concentrated  ov  fuming  snlphuric  acid 
{5  a.  G.  urine  and  40  c.  c.  sulpliuric  acid)  until  all  the  nitrogen  has 
been  converted  into  ammonia,  and  after  the  addition  of  an  excess 

of  caustic  soda  the  ammonia  ia  distilled  into   --  aulphnric  acid  and 

the  amount  of  ammonia  distilled  over  is  determined  by  titration. 

Bunsen's  Urea.  Determination.  The  principle  of  this 
method  consists  in  beating  the  urine  or  urea  solution  in  a  sealed 
glass  tube  to  a  high  temperature  with  an  alkaline  Imrium -chloride 
solution.  The  urea  splits  into  carbon  dioxide  and  ammonia,  which 
may  be  det(;rmined  separately.  This  method  has  been  very  care- 
fully tested  by  PFLroER  and  bis  pupils  Bohland  and  BLEiBTBBr, 
and  essentially  improved.  They  found  tliut  very  accurate  results 
can  be  obtained  by  this  method  if  the  other  nitrogenized  constit- 
uents of  the  urine  are  first  precipitated  by  a  mixture  of  hydro- 
chloric acid  and  phospho-tungstic  acid,  and  then  the  filtrate  made 
faintly  alkaline  with  milk  of  lime,  and  lastly  heated  with  alkaline 
barinm-cliloride  solution  in  a  sealed  tube.  The  carbon  dioxide 
and  the  ammonia  can  be  determined  (by  distilling  with  magnesia 

and  receiving  the  distillate  in  —  acid  and  titrating).     In  the  last 
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case  B  correction  must  bo  made  {according  to  Schlosing's 
method)  for  the  ammonia  pre-exiatiug  in  tlie  nrine.  Pflijoeb 
und  Bleibtbeu  have  eaeeutially  cliaiigecl  tliia  metliod  io  tbe  fol- 
lowing way:  They  precipitate  the  other  nitrogenized  urinary  con- 
stitueiitH  with  hydrochlorie  acid  and  )ihospho-tuugHtic  acid,  make  the 
filtrate  faintly  allcaline  with  milk  of  Itmi;,  determine  the  pre-existing 
amnionia  in  a  part  of  this  filtrate  accoiding  to  Schlosing'^ 
method  (observing  certain  precautious),  and  tlien  placing  the  other 
part  of  the  filtrate  (about  15  c.  c.)  in  a  large  Qask  wljich  coutuius 
10  grms.  crystallized  phoBphoric  acid,  heat  to  Sau^-aeO"  C.  for 
about  three  hours.  All  the  urea  is  decomposud,  and  the  ammonia 
split  off  combinea  with  the  phosphoric  acid.  After  cooling,  aa 
excess  of  caustic  soda  is  added  and  the  ammonia  distilled  into  a 
titrated  acid,  which  mnst  then  be  retitrated.  After  subti-acting  the 
quantity  of  pre-existing  ammonia  very  accurate  results  are  obtained 
tor  the  ammonia  originating  from  the  urea  (and  perhaps  from  an 
unknown  ureid  present  in  the  urine). 

Knop-HPfner's  method  is  based  on  the  fact  that  urea  by  tha 
action  of  sodium  hypobromite  splits  into  water,  carbon  dioxide 
(which  dissolves  iu  the  alkali),  and  nitrogen,  whose  volume  is 
measured  (see  page  340).  This  method  is  less  accurate  than  the 
preceding  ones,  and  therefore  in  scientiBc  work  it  is  discarded.  It 
is  of  value  to  the  physician  and  for  practical  purposes  because  of 
thfi  ease  and  rapidity  with  which  it  may  be  performed,  even  thougli 
it  may  not  give  very  accurate  results.  For  practical  purposes  a 
series  of  different  apparatus  have  been  constructed  to  facilitate 
the  use  of  this  method.  Among  these  the  ureometer  of  Esrach 
deserves  to  be  especially  mentioned.'     In  regard  to  the  reagents 


'  Dr.  Chab.  a.  DoREMiiB  bus  coostrucled  n  iireomelur  of  ilie  very  «iuiple*t 
kind.  Il  couaUU  of  two  parts.  FIrat,  s  venlcal  glaSH  tube  cloaeil  at  tLe  top 
and  bent  sharuly  below,  where  It  eipaods  Into  a  bulb  having  an  orifice  at  lis 
Upper  part.  Secondly,  n  pipette  wllb  an  elastic  rubber  nipple.  Bolb  Mrls 
are  mduated ;  the  vertical  tube  so  as  to  show  the  qiiaiiilty  of  urea  (as  indl- 
Cftleo  by  the  volume  of  DiCrogeD)  Iu  each  cubic  ceatlmelre  of  urine  lest«I, 
while  the  pipette  is  gmtliialeil  so  as  Io  show  one  ciihic  centimetre.  The 
Insirument  is  used  lliiis;  First  the  vcrljcsl  tube  is  Illle<l  with  the  nlkallLe 
•odiiiin-hypobromile  solution  in  the  following  niauuer:  holding  It  verrically, 
Uie  onentior  pours  the  solution  Into  the  bulb,  and  wliiai  il  is  rather  more  lliun 
half  full  heiiicli[iea  the  apparatus  boriMnlally  unlit  llie  entim  tube  is  filled 
Md  ■  little  left  In  the  bulb— say  one  lliird  or  thereabouW.  Then  be  restores 
It  to  the  vertical  irasiilon.     He  now  draws  into  tbe  pipctle,  by  means  of  Ibe 
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neceesar;  for  the  determimitiou  of  urea,  and  also  for  iDstructioae  in 
the  uee  of  this  instniment,  we  must  refer  the  reader  to  tlie  direc- 
tions  acconipuuying  the  iipparatua.  For  pure  urea  Euiutioua  Es- 
BACH'a  apparatus  gives  quite  exact  results.  The  de term i nation  of 
urea  in  uriae  by  this  method  always  gives  results  somewhat  too 
low,  and  as  a  rule  a  result  is  obtained  which  on  an  average  Is  about 
0A%  lower  than  that  obtained  with  Liebio'b  titration  method. 

Croatinin,  C.U^N.O,  or  NH  :  c/J,^,""'^^  ' '«  generally  con- 
sidered  as  the  anhydride  of  creatin  (see  |>age  ~57)  found  in  the 
muBcles,  It  occurs  in  human  urine  and  in  that  of  certain  mam- 
malia. It  has  also  been  found  in  ox-hlood  (Voir),  milk,  though  in 
very  small  amounts  (Weyl),  and  in  the  flesh  of  certain  fishes. 

The  quantity  of  creatimn  in  human  urine  is  for  a  grown  man, 
voiding  a  normal  quantity  of  urine  in  the  24  hours.  0.6-1.3  grms. 
(Neubaubr),  or  on  an  average  1  grm.  Tlie  quantity  is  dependent 
on  the  food,  and  decreases  in  starvation.  Sucklings  do  not  gener- 
ally eliminate  any  creatinin,  and  it  only  appears  in  the  urine  when 
tne  milk  ig  replaced  by  other  food.  The  quantity  of  creatinin  in 
urine  varies  as  a  rule  with  the  quantity  of  urea,  although  it  is  in- 
creased more  by  fleah  (because  the  flesh  contains  creatin)  than  liy 
albumin,  Ohocco  claims  that  the  elimination  of  creatinin  is  iu- 
oreased  by  muscular  activity,  which  is  contrary  to  the  statements 
of  HoFMASN  and  others.  The  behavior  of  creatinin  in  disease  is 
little  known.  By  increased  exchangee  of  material  the  amount  is 
increased,  while  by  decreased  exchange  of  material,  as  in  ansmia 
and  cachexia,  it  is  diminished. 

Creatinin  crystallizes  in  colorless,  shining  monoclinic  prisms 
which  differ  from  creatin  crystals  in  not  becoming  white  with  loss 
of  water  when  heoted  to  100°  C.  It  dissolves  in  11.5  parts  cold 
water,  but  more  easily  in  warm  water.     It  requires  nearly  100  parts 

rubber  nipple,  n  cubic  centlmetTe  of  the  urine  to  be  tested,  which  should  be 


point  it)  exuclly  under  tlje  vertical  tube,  and  slowly  couipress  tlie  D))iple. 
urine  beln;  lighter  tbSD  tbe  hypobromilR  Hnliition  riseB  tbroughit,  and  i:_  .._ 
waylbecontaloeil  iirea  is  decomposed  and  its  uilro^o  sel  free.     The  quantity 

of  urea  contained  in  the  one  cubic  cent' '  --'--  ■----■  ' ^     —  —  -■  - 

iustruniect.— '1'KANSi.ATOK. 


c  ceaUiiieu«  of  urine  used  )b  rend  o 
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oold  ilMolate  alcohol  for  wlntioo,  but  it  ic  more 

■loohoL     It  is  nevly  inaolaUe  Id  etber.     In  alkAline  Mdotion  e 

dntn  b  oonrerted  into  cratiti  tctj  eaulj  od  warming. 

Crtatinia  gives  sn  euOj-flolnUe  oTsulliiie  coabmatioo  witk 
bTdroehloric  acid.    A  aolotioo  of  cKAtiiiiit  acidified  with  nunonl 
acids  ^*»  crjsUlIiBe  predpitatea  vith  pboapho-tangBtic  or  pbo*- 
pbo-moljbdic  adds,  eren  io  veij  dilate  soIntiooB  (1  :  10,000)  (Kkb- 
ITEK).     It  is  precipitated,  like  area,  witli  mercnno-nitiste  aolntion. 
Amoog  the  compoosds  of  creatioin,  that  with  zin«  chloride,  erta-  j 
/I'mn  rtHe  ckUridt  (C^'Sfi)^Clt,  is  of  special  tntereat.    Thisl 
oonbtoatioii  is  obtained  wbeo  a  sofficientlj  cosoentrated  solotioii  J 
of  creatiuin  in  alootud  is  treated  with  a  concentrated,  bintlj^acidil 
solntion  of  xIdc  chloride.     Free  miner^  acids  disBoWe  the  combine  I 
tion,  but  this,  faowerer,  ia  prevented,  vhen  tfaej  are  present,  I7  an  1 
addition  of  sodinin  acetate.     In  the  impure  state,  as  ordinarilj  ob*  J 
tstned  from  arine,  creatiuin  zinc  chloride  forms  a  aandr,  jellowidll 
powder  which  noder  the  microecope  appears  as  fine  needles  fbn»>9 
ing  concentric  gronpe,  mostlj  complete  roeettes  or  yellow  balls  or  ' 
tofts,  or  grouped  as  brusbea     On  slowly  crjBtallizing,  or  when 
very  pure,  more  sharply-defined  prismatic  crystals  are  obtained. 
This  combination  is  sparingly  solable  in  water. 

Creatinin  acts  as  a  reducing  sgenL  Mercnric  oxide  is  rednced 
to  metallic  mercnry,  and  oxalic  acid  and  methylguanidin  (methyl- 
nramin)  are  formed.  Creatinin  aim  reduces  copper  hydroxide  in 
alkaline  eolntion,  forming  a  ooloric^  soluble  combination,  and  only 
after  continnons  boiling  with  an  excess  of  copper  salts  is  free  snb- 
oxid<-'  of  copper  formed.  Creatinin  interferes  with  Tbokueb's  test 
fur  sugar,  partly  because  it  has  a  reducing  action  and  partly  by 
retaining  the  copper  eoboxide  in  solntion.  llie  combination  with 
copper  snboxide  is  not  solable  in  a  satnrated-eoda  eolution  and  if 
a  little  creatinin  is  dissolved  in  a  cold,  satnrated-soda  solntion  and 
then  a  few  drops  of  Fehlino's  reagent  added,  a  white  floccnient 
combination  separates  after  heating  to  50''-60''  C.  and  then  cooling 
(T.  MascrreV  reaction).  An  alkaline  bismoth  solntion  (see  Sugar 
Testa)  is  not  rcdnced  hy  creatinin. 

If  we  add  a  few  drops  of  a  freshly-prepared  very  dilate  sodinm 
nitropmande  (sp.  gr.  1.003)  to  a  dilute  creatinin  solution  (or  to 
the  nrioe)  and  then  a  few  drops  of  caustic  soda,  a  mby-red  liquid 
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ia  obtained  which  qoickly  turns  yellow  again  (Weyl's  reaction). 
If  we  use  ammonia  instead  of  caustic  soda  in  this  reaction,  the  red 
color  is  not  obtained  (differing  from  aceton  and  ethyl-diacetic  acid, 
Lh  Nueel).  If  the  above  solution,  which  has  become  yellow,  i§ 
treated  with  an  excess  of  acetic  acid  and  heated,  t)ie  solution  be- 
comes first  green  and  then  blue  (Salkuwski);  Hually  a  precipitate 
of  Prussian  blue  is  obtained.  If  a  solution  of  creatiniu  in  watLT  (or 
urine)  is  treated  with  a  watery  solution  of  picric  acid  and  a  few 
drops  of  a  dilute  soda  solution,  a  red  coloration  lasting  several  hours 
occurs  immediately  at  the  ordinary  temperature,  and  which  turns 
yellow  on  the  addition  of  acid  (Jafpb's  reaction).  Acetone  gives 
a  more  red  dish -yellow  color.  Grape-sugar  gives  with  this  reagent  a 
red  coloration  only  after  heating. 

In  preparing  creatinin  from  urine  the  creatinin  zinc  chloride  is 
first  prepared  according  to  Nkubaueb's  method,  and  this  method 
is  also  employed  for  the  <juantitative  estimation  of  creatinin.  lu 
making  a  (juantitative  estimation  200-300  c.  c.  of  urine  freed  from 
albumin  (by  boiling  with  acid)  and  from  sugar  {by  fermentation 
with  yoaat)  are  meiuured,  alkalized  with  milk  of  lime,  and  treated 
with  CiiCli  solution  until  all  the  phosphoria  acid  is  precipitated ;  it 
is  filtered  and  washed  with  water,  the  filtnite  and  the  wash-water 
united,  and  evapoi-ated  to  a  syrup  after  acidifying  with  acetic  acid. 
This  eyrup  is  mixed  while  hot  with  50  c.  c  of  fl5!S-9T)(  alcohol. 
This  mixture  is  transferred  to  a  beaker,  and  the  residue  in  the 
evaporating-dish  is  completely  and  carefully  removed  and  added. 
The  liquid  is  allowed  to  stand  covere*!  for  at  least  eight  hours  in 
the  cold.  Then  it  is  filtered  through  a  sniall  filter,  the  precipitate 
washed  with  alcohol,  the  filtrate  evaporated  if  necessary  until  the 
volume  is  50-CO  c.  c,  then  allowed  to  cool  and  i  c,  c.  of  an  acid- 
free  Kinc-chloride  solution  of  an  sp.  gr.  of  1,20  is  added;  it  is  stirred, 
and  the  covered  beaker  is  left  standing  in  a  cool  place  for  two  or 
three  days.  The  prei'ipitate  is  collected  on  a  small  dried  and 
weighed  filter,  using  the  filtmte  to  wash  the  crystals  from  the 
beaker.  After  allowing  the  crystals  to  completely  drain  off,  they 
are  washed  with  a  little  alcohol  until  the  filtmte  gives  no  reaction 
for  chlorine,  and  dried  at  100"  C.  100  parts  creatinin  zinc  chloride 
contain  62,42  parts  creatinin.  As  the  precipitate  is  never  quite 
pure,  the  quantity  of  zinc  must  be  carefully  determined,  in  exact 
experiments,  by  evaporating  with  nitric  acid,  heating,  washing  the 
oxide  of  zinc  with  water  (to  remove  any  NaCI),  drying,  lieating, 
and  weighing.  22,4  parts  zinc  oxide  correspond  to  100  parts  crea- 
tinin zinc  chloride. 
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The  preparation  of  creatinin  zinc  chloride  on  a  large  scale  from 
urine  is  done  in  the  same  way.  The  creatinin  is  obtained  from 
the  creatinin  zinc  chloride  by  boiling  with  lead  hydroxide,  filtering, 
decolorizing  the  filtrate  witli  animal  charcoal,  evaporating,  treating 
the  residue  with  strong  alcohol  (which  leaves  the  oreatin  undis- 
solved), evaporating  to  cryatallization,  redieaolving  in  water,  and 
recrystallizing. 

X&ntliasrHtiiLia.     Tbls  bodv,  wbicb  has  beeo  spoken  of  in  a  previous  chap- 
ter ou  llie  mueclea,  bas  been  found  in  dog's  urine  after  tbe  iojeclion  of  cr»- 
linin  imo  the  abdomioiil  cavUy  (Hohari).  and  io  buman  urine  afl«r  several    I 
hours  of  couiJuuous  marching.      The  correctneaa  of    Ihese  observations  ta  J 
disputed  by  Sta.dtbaoeii. 

■Drio  Acid,  tJr,  CjH^N.O^     The  structural  formula  of  this  tu 

according  to  Medicus,  ia  00:^  C.NH/'^O,  and    this    acid 

\NH.CO 
may  therefore  be  considered,  from  its  constitution  as  a  derirate  of 
acrylic  acid,  as  acrylic  acid  diureid. 

Uric  acid  has  been  aynthetically  prepared  by  Horbaczewski  in 
several  ways.  On  fusing  urea  and  glycocoll,  uric  acid  is  formed 
according  to  the  formula  3C0N,H,  +  0,HjNO,  =  CiH.N.O,  + 
2H,0  +  3NHi ,  and  in  this  reaction  hydantoin  and  biuret  are  formed 
aa  intermediate  products.  On  melting  methylhydantoin  with  urea 
or  methylhydantoin  with  binrel  or  with  allophanic-acid  amyl-ester 
HoKBAczEWSKt  obtained  metiiyl-uric  acid.  He  also  obtained  uno 
acid  ou  heating  t rich lor-lac tic  acid,  or  still  better  trichlor-lacticacid- 
amid,  with  an  excess  of  urea.  If  we  eliminate  from  the  reaction  ] 
the  numerons  by-products  (cyanuric  acid,  carbon  dioxide,  etc), 
tliun  this  process  may  be  eipressed  by  the  formula  C,CljH,0,N  -{■ 
2C0N,H,  =  C.H,N,0,  +  H,0  +  NH.Cl  +  2HCI. 

On  strongly  heating  uric  acid  it  decomposes  with  the  formation 

of  UREA,  HTDHOCYANH;  ACID.  CTASUKir  ACID,  aud  AUMOHIA.      On 

heating  with  concentrated  hydrochloric  acid  in  sealed  tubes  to 
170°  0.  it  splits  into  glycocoll,  carbon  dioxide,  and  ahuonia. 
By  the  action  of  oxidizing  agents  a  splitting  and  oxidation  takes 
place,  aud  either  mououreid  or  diureid  is  produced.  By  oxidation 
with  lead  peroxide,  carbon  dioxide,  oxalic  acid,  urea,  itnd 
ALLASTOiN,  which  last  is  glyoxyldiureid,  are  produced  {see  below). 
By  oxidation  with  nitric  acid  in  the  cold  urea  and  a  mououreid,  the 
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meeoxalyl  urea  or  alloxan,  are  obtained,  CjI£,N,Oi  +  0  +  H,0  = 
CiHjNjOi  4"  (NH,),CO-  On  warming  with  nitric  acid,  uric  acid 
jielda  alloxuD,  carbon  dioxide,  and  ozaljl  urea  or  fakabanic  acid, 
C,H(N,0].  £y  the  addition  of  water  the  parabanic  acid  passes  lute 
OXALURIC  ACID,  CgHiNiO, ,  tntces  of  which  are  found  in  the  ur4ne 
and  which  easily  split  into  oxalic  acid  and  urea. 

Uric  acid  occurs  most  abundantly  in  the  urine  of  birds  and  of 
hcaly  amphibians,  in  which  animals  the  greater  part  of  tlie  nitrogen 
of  the  urine  appears  In  this  form.  Uric  acid  occurs  frequently  in 
the  urine  of  carnirorous  mammalia,  but  is  aonietimea  absent;  in 
nrine  of  herbivora  it  is  habitually  present,  though  only  as  traces;  in 
human  urine  it  occurs  in  greater  but  still  small  and  variable 
amounts.  Traces  of  uric  acid  are  also  found  in  soverat  organs  and 
tissues,  as  in  the  spleen,  lun^,  heart,  pancreas,  liver  (especially  in 
birds),  and  in  the  brain.  It  habitually  occurs  in  the  blood  of  birds 
(Mbissker).  Traces  have  been  found  in  human  blood  under 
normal  conditions  (Aueles),  but  especially  in  gout  (Garrod). 
Uric  acid  also  occurs  in  large  quantities  in  "chalk-stones,"  certain 
urinary  calculi,  and  in  guano.  It  baa  also  been  detected  in  the 
urine  of  insects  and  certain  snails. 

The  amount  of  uric  acid  eliminated  with  the  human  urine  is 
subject  to  considerable  variation,  but  amounts  on  an  average  to 
0.7  grm.  during  24  hours  on  a  mised  diet.  On  a  vegetable  diet 
the  amount  is  entailer,  and  on  an  abundant  meat  diet  it  may  rise  to 
2  grms.  and  over.  The  relationship  of  the  uric  acid  to  the  urea  on 
a  mixed  diet  is  on  an  average  1 :  fiO-1 :  70.  In  new-born  infants  and 
in  the  first  days  of  life  the  elimination  of  uric  acid  is  increased 
(Marks),  and  the  relation  between  the  uric  acid  and  urea  is  about 
1:13-14.  After  taking  glycerin  the  amount  of  uric  acid  is  in- 
creased (UoRBAczEwsKt  and  Kanera),  while  it  is  not  increased  by 
sodium  acrylute  (Horbaczewski). 

Uric  acid  when  introduced  into  the  organism  of  a  dog  is  in  great 
part  converted  into  urea,  and  as  urea  is  also  formed  by  the  action 
of  oxidizing  ngents  on  uric  acid  outside  of  the  body,  uric  acid  has 
been  often  considered  as  a  step  towards  the  formation  of  urea  in 
the  organism.  Such  a  view  is  not,  however,  weli  founded,  and  the 
statement  that  an  incomplete  supply  of  oxygen  and  diminished 
oxidation  cause  an  increased  formation  of  uric  acid  has  not  been 
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proved.  With  regard  to  the  pathological  relations  ve  really  only 
knov  two  conditions  in  which  the  elimination  of  uric  acid  is 
increaeed,  namely,  in  fever  and  leuccemia.  In  fevers  the  elimina- 
tion of  uric  ficid  i%  increased  because  of  an  increased  waste  of  the 
organism.  In  leuctemia  the  elimination  is  increased  absolutely 
well  as  relatively  to  the  urea  (Rakke,  Salkowski,  Fleiboheh  and 
Pbnzoldt,  STADTHAGEN.and  others),  and  the  relationship  of  th»i 
elimination  of  uric  acid  tn  the  urea  may  be  1:16-1:12.  Th»' 
elimination  of  uric  acid  may  be  diminished  iu  gout  shortly  before 
and  during  the  attack,  because  the  uric  acid  is  retained  in  the 
body,  A  decrease  in  the  elimination  of  uric  acid  is  observed  also  in 
a  diminished  excliange  of  material,  also  after  the  use  of  quininct 
oaSeine,  and  certain  other  medicines. 

Formalion  of  Uric  Acid  in  the  organism.  The  formation  of  uric 
acid  in  birds  is  increased  by  the  administration  of  ammonia-Baits 
(v.  Schrodeh).  Urea  acts  in  the  same  way  (Meyer  and  Ja^f^), 
while  in  the  organism  of  mammalia  uric  acid  is  more  or  less  com- 
pletely converted  into  urea.  Minkowski  observed  iu  geese  with 
their  livers  extirpated  a  very  signiScaut  decrease  iu  the  elimination; 
of  uric  acid,  while  the  elimination  of  ammonia  is  increased  to  a„ 
corresponding  degree.  This  indicates  a  participation  of  ammonia 
in  the  formation  of  uric  acid  iu  the  organism  of  birds  ;  and  as 
Minkowski  has  also  found  after  the  extirpation  of  the  liver  that 
considerable  amounts  of  lactic  acid  occur  in  the  urine,  it  is  prob- 
able that  the  uric  acid  in  birds  is  produced  in  the  liver,  perhaps 
from  lactic  acid  and  ammonia  by  synthesis.  Amido-acids — leucin, 
glycocoll,  and  aspartic  acid — increase  the  elimination  of  uric  acid  in 
birds  (t.  Kniebiem),  but  whether  the  amido-acids  are  first  decom- 
posed with  thespUttingofFof  ammonia  is  still  unknown,  v.  Mach 
has  shown  that  a  small  part  of  the  uric  acid  in  birds  originates  from 
hypoxantliin,  and  a  similar  origin  for  the  uric  acid  of  mammalia  is 
also  very  probable  (Minkowski), 

After  the  extirpation  of  the  kidneys  of  snakes  and  birds 
T.  Schroder  has  observed  an  accumulation  of  uric  acid  in  the  blood 
and  tissues.  This  shows  that  the  kidneys  of  these  animals  are  not 
the  only  source  of  uric  acid,  and  any  direct  proof  of  the  formation 
of  this  acid  in  the  kidneys  has  not  to  the  present  time  been  demon- 
stnted.    A  direct  relationship  between  the  spleen  and  the  forma- 
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tion  of  uric  acid,  also  in  mau,  has  been  Bought  bj  many  inveBtigators 
(Kankb,  Ruhne),  and  in  support  of  this  view  they  claim  that  the 
eliminatiou  of  uric  acid  is  increased  in  diseases  in  which  the  spleen 
is  enlarged,  also  that  the  elimination  of  uric  acid  by  the  urine  is 
decreased  when  the  volume  of  the  spleen  is  diminished  by  the 
administration  of  large  quantities  of  quinine.  That  uric  acid  is 
formed  in  the  spleen  receives  additional  proof  from  the  investiga- 
tions of  HoRBACzEWSKi.  He  foiind  a  considerable  new  formation 
of  uric  acid  when  he  allowed  the  pulp  of  the  sjdeen  nnd  blood  of 
calves  to  act  upon  each  other  at  the  ordinary  temperature,  at  the 
same  time  passing  a  stream  of  air  through  the  mass.  lie  also 
obtained  extnicts  from  the  pulp  of  the  Bpleen  with  boiling  water, 
which  yielded  nric  acid  iifter  the  action  of  the  blood.  This  produc- 
tion must  depend  chiefly  upon  decom  position  products  of  nuclein 
(xanthin  bodies).  HoitBACZEWSKi  claims  that  probably  the 
lymphatic  elements  are  here  concerned,  a  statement  which  coincides 
with  the  increased  elimination  of  uric  acid  in  lineal  leucasmia,  also 
with  the  pai-allelism  existing  between  the  digestion -iencocytes  aud 
the  increased  elimination  of  uric  acid  occurring  after  taking  food. 
We  have  no  positive  basis  tor  the  statement  that  uric  acid  is  formed 
in  the  liver  of  man  and  mammalia,  but  the  formation  of  nric  acid 
in  the  liver  of  birds  is  shown  to  be  highly  probable  by  the  researches 
of  Minkowski. 

Properties  and  Reactions  of  Uric  Acid.  Pure  uric  acid  is  a  white, 
odorless,  and  tasteless  powder  consisting  of  very  small  rhombical 
prisms  or  plates.  Impure  uric  acid  is  easily  obtained  as  somewhat 
larger,  colored  crystals. 

In  quick  crystallization,  small,  apparently  colorless,  thin,  fonr- 
sided  rhombic  prisms,  which  can  only  be  seen  by  the  aid  of  the 
microscope,  are  formed,  and  these  sometimes  appear  as  spools 
because  of  the  rounding  of  their  obtuse  angles.  The  plates  are 
sometimes  aix-sided,  irregularly  developed;  in  other  cases  they  are 
rectangular  with  partly  straight  and  partly  jagged  sides;  and  in 
other  cases  they  show  still  more  irregular  forme,  the  so-called  dumb- 
bells, etc.  In  slow  crystallization,  as  when  the  urine  deposits  a 
sediment  or  when  treated  with  acid,  large,  always  colored  crystals 
separate.  Examined  with  the  microscope  these  crystals  appear 
always  yellow  or  yellowish  brown   in  color.     The  most  ordinary 
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form  is  the  whetetone  shape  formed  by  the  rounding  off  of  the 
obtuse  angles  of  the  rhombic  plate.  The  whetstones  are  numerous, 
connected  together,  two  or  more  croBsing  each  other.  Beeides  these 
forms,  rosettes  of  priflmatic  crystalB,  irregular  croBses,  brown-colored 
rough  masses  of  crystals  which  assume  the  shape  of  needles  and 
prisms  occur,  also  other  different  forms. 

Uric  acid  is  insoluble  in  alcohol  and  ether;  it  is  rather  easily  ~ 
dissolved  in  boiling  glycerin,  very  difficultly  soluble  in  cold  water 
(14,000-15,000  parts);  and  diffieultly  soluble  in  boiling  water  (in 
1800-1900  parta),  it  is  soluble  in  a  warm  solution  of  sodium 
diphoBphat«,  and  in  the  presence  of  an  excess  of  uric  acid  mono- 
phosphate and  acid  urate  are  produced.  Sodium  phosphate  is 
considered  as  a  solvent  for  the  uric  acid  in  the  urine.  Uric  acid  is 
dissolved  without  decomposing  in  concentrated  sulphuric  acid.  It 
is  completely  precipitated  from  the  urine  by  picric  acid  (Jaffb). 

Uric  acid  forms  with  bases  two  series  of  salts,  neutral  and  acid. 
Of  the  alkali  urates  the  neutral  potassium  and  lithium  salts  dis- 
solve the  most  easily,  aud  the  ammouium  salt  dissoives  with  the 
most  difficulty.  The  acid-alkali  urates  are  very  insoluble  and 
separate  as  a  sediment  {sedimenfum  lalerilium)  from  concentrated 
urine  on  cooling.     The  salts  with  alkaline  earths  are  very  insoluble. 

If  a  little  uric  acid  in  substance  is  treated  with  a  few  drops  of 
nitric  acid,  the  uric  acid  dissolves  on  warming  with  a  strong 
development  of  gas,  and  after  thoroughly  drying  on  the  water-bath 
a  beantiful  red  residue  is  obtained,  which  turns  a  purple-red  (pur- 
pnrate  of  ammonium)  on  the  addition  of  a  little  ammonia.  If, 
instead  of  the  ammonia,  we  add  a  little  caustic  sods  (after  cooling), 
the  color  becomes  more  blue  or  bluish  violet.  This  color  disappears 
quickly  on  warming,  differing  from  certain  lanthin  bodies.  This 
reaction  is  called  the  murexitle  le^l. 

Uric  acid  does  not  reduce  an  alkaline  eotntion  of  bismuth,  but 
does,  on  the  contrary,  an  alkaline  copper-hydroxide  solution.  In 
the  presence  of  only  a  little  copper  salt  we  obtain  a  white  precip- 
itate consisting  of  copper  urate.  In  the  presence  of  more  copper 
salt  red  suboxide  separates. 

If  a  drop  of  uric  acid  dissolved  in  sodium  carbonate  is  placed 
on  a  piece  of  filter-paper  which  has  been  previously  treated  with 
ulrer-aitrate  solution,  a  reduction  of  silver  oxide  occurs  producing 
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a  brownish-black  or,  in  tlie  presence  of  only  0.002  milligram  uric 
acid,  a  yellow  spot  (Schiff's  test). 

Preparation  of  Uric  Acid  from  Urine.  Filtered  normal  urine  is 
treated  with  20-30  c.  c.  of  25)(  hydrochloric  acid  lor  each  litre 
of  urine.  After  forty-eight  hours  collect  the  crystals  and  purify 
them  by  redissolviiig  lu  dilute  alkali,  decolorizing  with  animal  char- 
coal and  reprecipitaling  with  hydrochloric  acid.  Large  quantities  of 
uric  acid  are  easily  obtained  from  the  excrementa  of  serpents  by 
boiling  them  with  dilute  caustic  potash  until  no  more  ammonia  ts 
developed.  A  current  of  carbon  dioxide  is  passed  through  the 
filtrate  uutil  it  barely  has  an  alkaline  reaction;  dissoRe  the 
separated  and  washed  acid  potassium  urate  in  caustic  potash,  and 
precipitate  the  nric  acid  by  addition  of  an  excess  of  hydrochloric 
acid  to  the  filtrate. 

Qtianlitative  Estimation  of  Uric  Acid  in  the  urine.  The  older 
method  of  Hkintz,  somewhat  modified  byScewASEHT,  is  in  its 
main  points  as  follows:  The  filtered  urine  free  from  albumin  and 
any  sediment  of  urates  (dissolved  by  warming)  is  concentrated 
wheu  too  dilute  to  a  ep.  gr.  of  1.020,  200  c.  c.  measured  off  and 
tliis  treated  with  10-20  c.  c.  hydrochloric  acid  of  a  sp.  gr,  of  1.12. 
After  allowing  this  mi.xture  to  stand  forty-eight  hours  in  a  cool 
place  the  precipitated  uric  acid  is  collected  on  a  small  weighed 
niter  (5-6  cm.  diameter),  and  the  crystals  which  have  adhered  to 
the  sides  of  the  glass  are  removed  bj;  means  of  a  glass  rod  tipped 
■with  a  piece  of  rubber  tubing,  using  the  filtrate  to  wash  with. 
After  all  the  liquid  has  passed  through,  fill  the  filter  with  water 
and  allow  it  to  run  through  completely  before  adding  more  water; 
continue  until  the  wash-water  does  not  give  a  chlorine  reaction, 
then  dry  and  weigh.  A  part  of  the  uric  acid  always  remains  dis- 
solved in  the  filtrate.  The  filtrate,  including  the  wash-water,  must 
therefore  be  measured,  and  for  each  10  c.  c,  of  filtrate  (and  wash- 
water)  0.00048  grm.  uric  acid  must  bo  added.  With  this  correc- 
tion this  determination  gives  the  same  results  as  the  following 
more  complicated  method. 

In  Salkowski  and  Ludwio's  method  the  uric  acid  is  precip- 
itated from  the  urine  by  silver-nit  rate  solution,  treated  willi 
magnesium  mixture,  and  the  uric  acid  removed  from  the  silver 
precipitate  and  vreighed.  Uric-acid  determinations  according  to 
this  method  are  often  performed  according  to  the  treatment  sug- 
gested by  E.  Lddwio,  which  requires  the  followingsolutJons: 

1.  An  AHMONiACAi.  SILVER- NIT  a  ATB  solutlcin  whlch  coDtaiDS  la  one  litre 
26  grms.  silver  nitrale  sod  aqiiaotitj  of  ammonia  sufBcient  tn  complelely 
redi^olve  the  precipitate  procliiced  l>y  ttic  flnt  addilfou  of  aninioaln, 
2.  MaoijESIITU  mixture.  DIbsoIvi;  100  grma.  crydlnllizecl  inagDe^iiim  chlo. 
ride  In  water  and  add  euougli  awnioiiia  so  tliat  tlie  liguid  smells  sCrougiy  of  it. 
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Bad  then  add  eufflcient  ammonium  chloride  \o  diesolve  Ibe  precipitate  and 
\nBl\y  dilute  lo  1  liire.  S.  Sodium -flCLPHiDB  bdldtion.  Dksolve  1L>  grma. 
caustic  aodu  wbkh  ia  Fte«  (rom  Ditric  mid  uitrouii  acids  in  1  litre  of  wuier. 
One  half  vf  ttiis  eolutloti  ia  completely  Balurated  with  taydrugen  sulphide  aud 
111  en  mixed  wltli  the  other  half. 

The  Bolutiona  are  Bucb  that  10  c.  c.  of  each  is  eofficieot  for  lOO 
c.  c.  of  the  nrine. 

lOO-'^UO  c.  c,  according  to  concentratioii,  of  the  filtered  urine 
freed  from  albumin  (by  boiliug  after  the  addition  of  a  few  drops  uf 
acetic  acid)  are  poured  into  a  iK^aker.  In  another  vessel  mix  10-30 
c.  c  of  the  silver  solution  with  10-2U  c.  c.  of  the  magnesinm  mix- 
ture, and  add  ammonia,  and  when  necessary  also  some  nmmouium 
chloride,  tintil  the  mixture  ia  clear.  This  solution  is  added  to  the 
urine  while  stirring,  and  the  mixture  allowed  to  stand  quietly  for 
^  hoar.  The  precipitate  is  collected  on  a  filter,  washed  with  am- 
moniacal  water,  and  then  returned  to  the  same  beaker  by  the  aid 
of  a  glues  rod  and  a,  spirit^bottle  without  destroying  the  filter.  Now 
beat  to  boiling-point  lU-30c.  c.  of  tlio  alkaline  sulphide  solution, 
which  has  previously  been  diluted  with  an  equal  amount  of  water, 
and  allow  this  solution  to  flow  through  the  above  filter  into  the 
beaker  contaiuiug  the  silver  precipitate,  wash  with  boiling  water, 
and  warm  the  contents  of  the  beaker  on  the  water-bath  for  a  time, 
stirring  constantly.  After  coolitig  filter  into  a  porcelain  dish,  wash 
with  boiling  water,  acidify  the  filtrate  with  hydrochloric  acid,  evap- 
orate to  about  15  c.  c,  add  a  few  drops  more  of  hydrochloric  acid, 
and  allow  it  to  stand  for  24  hours.  The  uric  acid  which  has  crys- 
tallized is  collected  on  a  small  weighed  filter,  washed  with  water, 
alcohol,  ether,  and  carbon  disulphide,  dried  at  lOO'-llO"  C,  and 
weighed.  For  each  10  c.  c.  of  the  watery  filtrate  we  must  add 
0.0004S  grm.  uric  acid  to  the  amount  found  directly.  Instead  of 
the  weighed  filter-paper  a  glass  tube  filled  with  glass  wool  may  be 
subertitnted.  This  tube  was  constructed  by  Luitwic,  and  ia  de- 
scribed in  other  hand  books. 

IIavcraft's  Method:  25  c.  c.  of  the  nrine  are  first  treated 
with  1  grm.  bicarbouate,  then  made  strongly  alkaline  by  ammonia, 
and  lastly  precipitated  by  an  ammoniacal  silver  solution.  The 
carefully  washed  precipitate  is  dissolved  in  30-30^  nitric  acid  and 

this  solution  titrated  with  a  ^7^  sulphocyanide  solution  according 
to  Volhabd's  method.  Each  c.  c.  of  this  solution  corresponds  to 
O.OOIGS  grm.  uric  acid.  This  method  has  been  modified  by  CzA- 
PEK.  After  the  addition  of  a  known  amount  of  silver  solution  of 
known  strength,  the  amount  of  silver  ailts  remaining  in  the  urine 
after  nil  the  uric  acid  has  been  precipitated  is  titrated  with  alkali 
sulphide.  The  advanttige  of  Uayckaft's  method  ia  the  ease  and 
n)iidity  with  which  it  can  be  performed,  uud  it  is  therefore  recom- 
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monded  for  clinical  purpoeea.  For  exact  deternii nations  it  is  uot 
q^uite  reliable,  because  the  amoiiut  of  silver  in  the  precipitate  of 
silver  urate  is  not  constant  (Salkowski).  Sinoe  tlie  value  of  this 
method  has  been  the  subject  of  much  adverse  criticism,  we  will  not 
give  further  particulars. 

OsjauEic  Acid.  C.H.N.O,  =  (CON,H,).CO.COOH.  Tliia  add,  whose 
relation  U>  uric  acid  and  urea  has  been  apoken  of  above,  occurs  odIj  a»  traces 
In  the  uriue  as  ammoDJum  salta.  TbU  lalt  is  not  directly  precipitated  \ty  CaCli 
and  NHi ,  but  urter  boiling,  wheo  it  la  decomposed  lulo  urea  aud  oxalale.  In 
preparing  oxuluric  acid  from  urine  Ibe  latter  Ih  tillered  tbroueb  animal  cliar- 
coal.  Tbe  oxaluratc  retained  by  the  charcoal  may  be  obtained  by  boiling 
-wiih  alcobo). 


OxaUo   Acid,   C,H,0,, 


COOH'  °™'^''^  under  physiological 


conditions  in  very  small  amounts  in  the  urine,  about  0.02  grm.  in 
24  hours  (Fl>rbringer).  According  to  the  generally-received 
opinion  it  is  fouud  iu  the  urine  as  calcium  oxalate,  which  is  kept 
in  solution  by  the  acid  phosphates  present.  Calcium  oxalate  is  a 
frequent  constituent  of  tlie  uriuai'y  sediments,  and  occurs  also  in 
certain  urinary  calculi. 

The  origin  of  the  oxalic  acid  in  the  urine  is  not  well  known. 
Oxalic  acid,  when  administered,  is  eliminated  by  the  urine  un- 
changed, and  as  many  vegetables  and  fruits,  such  as  cabbage,  spin- 
ach, asparagus,  sorrel,  apples,  grapes,  etc.,  contain  oxalic  ttcid.  it  is 
possible  that  a  part  of  the  oxalic  acid  of  the  urine  originates  directly 
from  the  food.  Another  part  is  certainly  formed  in  the  body  from 
the  protetds  and  fat  or  by  the  incomplete  combustion  of  the  car- 
bohydrates. The  formation  of  oxalic  acid  from  proteids  (or  fat)  is 
inferred  from  the  fact  that  oxalic  acid  is  eliminated  by  the  urine 
after  food  consisting  entii'ely  of  flesh  and  fat,  as  also  iu  starvation. 
It  has  also  been  considered,  but  without  sutficiont  reason,  that  the 
oxalic  acid  of  the  urine  ia  an  oxidation  product  of  uric  acid. 

An  increased  elimination  of  oxalic  acid  may  occur  in  diabetes. 
The  question  whether  it  may  occur  as  an  independent  disease 
{oxaluria,  oxalic-acid  diathesis)  has  not  been  positively  decided. 

The  properties  and  reactions  of  oxalic  acid  aud  calcium  oxalate 
are  well  known.  The  calcium  oxalate  as  a  constituent  of  urinary 
sediments  will  be  described  later. 

Defection  anil  quanlitalive  estimation  of  oxalic  aa'tt  in  urim. 
The   presence  of  oxalic  acid  in  solution  iu  uriue  is  determined 
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according  to  the  method  suggested  by  Nbubauer,  who  treats 
500-600  c.  c.  of  the  uriue  with  CaCI,  solution,  makes  alkaline  with 
ammonia  and  then  faintly  acid  with  acetic  acid.  After  S4  hours 
tlie  preoipJtate  is  collected  on  a  small  filter,  washed  with  water, 
treated  with  hydrochloric  acid  (which  leaves  the  uric  acid  undis- 
solved on  the  filter),  and  washed  again  with  witter.  The  filtrate, 
iucluding  the  wash-water,  is  treated  with  an  excess  of  ammonia  and 
allowed  to  stand  24  hours.  Calcium  oxalate  separates  as  quadratic 
octahcdra.  The  quantitative  estimation  Is  performed  after  the 
sunie  principle.  Tlie  oxalate  is  oouverted  into  qaick-lime  bj  heat, 
and  weigliea  as  such. 

Allantoln  or  olyoxtluiubeid,  C,H,N,Oi  or 
COs.  ,,„  .-,-,  ,  occurs  in  the  urine  of  children  within 

the  first  eight  days  after  birth,  and  in  very  small  amountji  also  in 
the  urine  of  grown  persons  (OirsaEBOw.  Zieolek  and  Hekuasn). 
It  is  found  in  rather  abundant  quantities  in  the  urine  of  pregnant 
women  (Gussekow).  AUantoin  has  also  been  found  in  the  urine 
of  sucking  calves  (Wohlkr).  and  sometimes  in  the  nrine  of  other 
animals  (Meissnek).  It  is  also  found  in  the  amniotic  fluid  and 
allantoic  fluid  of  the  cow  (hence  the  name).  AUantoin  is  formed, 
SB  above  stated,  by  the  oxidation  of  uric  acid.  The  increased  elim- 
ination of  allantoiu  which  Saleowbki  observed  in  dogs  after  the 
administration  of  uric  acid  shows  that  the  formation  of  allantoiu 
from  uric  acid  in  the  organism  is  not  improbable. 

AUantoin  is  a  colorlcsa  substance  often  crystallizing  in  prisms, 
difficultly  soluble  in  cold  water,  easily  soluble  in  boiling  water  and 
also  in  warm  alcohol,  but  not  soluble  in  cold  alcohol  or  ether.  It 
combines  with  iicids.  forming  salts.  A  watery  allantoiu  solution 
gives  no  precipitate  with  silver  nitrate  alone,  but  by  the  careful 
addition  of  ammonia  a  white  floccnlent  precipitate  is  formed, 
C,HsAgN,Oi,  which  is  soluble  in  an  excess  of  ammonia  and  which 
consists  after  a  certain  time  of  very  small,  transparent  microscopic 
globules.  The  dried  precipitate  contains  40.75^  silver.  A  watery 
allantoin  solution  is  precipitated  by  mercuric  nitrate. 

AUantoin  is  most  easily  prepared  by  the  oxidation  of  uric  acid 
with  lead  peroxide.  In  preparing  allantoin  from  calves'  nrine,  con- 
centrate the  urine  on  the  water-lwitli  to  a  syrup  and  allow  it  to 
atand  in  tb«t  cold  for  several  days.     The  crystals  which  are  sepa- 
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rated  from  the  precipitate  by  washing  are  disaolved  in  boiling 
water  with  the  addition  of  some  animal  charcoal,  and  filtered  while 
hot ;  then  acidify  the  filtrate  faintly  with  hydrochloric  acid  (so  as 
to  keep  the  phosphates  in  solution)  and  allow  it  to  orjstallize.  Al- 
lautoin  is  detected  in  human  urine  by  the  method  arst  suggested 
by  Meissnee.  It  consiats  chiefly  of  the  following  points:  Pre- 
cipitate the  urine  with  baryta-water.  Alter,  remove  the  baryta  witii 
Bulphnric  acid,  filter,  precipitate  the  allantoin  with  UgCl,  in  alka- 
line solution,  decompose  the  precipitate  with  sulphuretted  hydro- 
gen, concentrate  strongly,  purify  the  crystals  wliich  separate  by 
recry stall)  zat ion,  and  lastly  prepare  the  silver  combination, 

Xanthin  Bodies.  The  xanthin  bodies  which  habitually  occur 
in  human  urine  are  xanthin,  hi/poxanlhin  (Salomon),  guatnii 
(Pocchbt),  carnin  (Pouciiet),  and  the  newly-discovered  bodies 
paraxanthin  (Thudichum,  Salomon)  and  lietBroxanlhin  (Salo- 
mon), The  quantity  of  these  bodies  in  the  urine  ia  very  small. 
The  quantity  of  santhiu  bodies  in  the  urine  is  increased  especially 
in  leucfflmia,  in  which  disease  adenin  is  also  found  in  the  urine 
(Stadtuagen).  Xanthin  also  occurs  as  a  constituent  of  a  variety 
of  rare  culcnll  (Marcet).  It  is  also  sometimes  found  as  a  constitu- 
ent of  urinary  sediments  (Bence  Jones). 

Parutnthla,  CH.N.O,  (dinietliylxanttiia),  and  hatorozuithiD,  C.H.N, O, 
(metbylxuulliiD),  do  not  elve  the  xauLhin  reaction  with  oitriu  add  Hnd  alkuli, 
but  give  Weiogl's  reaction  (sue  paee  50).  Tbey  diSer  from  other  xMillilii 
bodies  bv  fonning  crystalllDo  comblDalioDs  with  allialiea.  whlcli  are  diffi- 
cultly soluble.  A.[uurpbou9  beturoxaDtLin  separates  on  oeutmlizing  the  so- 
dium combinstiou.  but  paraxanthin,  oa  the  ccnlrary.  aeparatcB  iu  a  crystalline 
fondition.  Paraxanthin  gives  au  easily -soluble  combinalion  with  hydro- 
chloric  acid,  while  tieteroxantblu  forms  an  insolutile,  beautiful  crystalline 
combination. 

In  prepariag  sanlbia  bodies  from  the  urine,  it  is  supersaturated  wiili 
,_     _.   __„,_, ^  ^ „ , ......     ^jip  J 


luia  and   precipitated   by  n 


T-nitrate  solution. 


rapornted  to  dryoess  and  the  dried  residue  treated  with  8$  sulphut 

The  xanthin  bodies  are  dissolved,  while  the  uric  acid  remains  uadisaolverl. 
This  filtrate  Is  saturated  with  ammonia  and  prGclpftalcd  by  sliver- nitrate  solu- 
Hon,  The  different  xnnlhin  bodies  may  be  sepamled  from  each  other  by 
Ireatiiig  the  silver  precipitate  with  boiliiig-hot  niiric  acid  of  a  ap.  gr,  of  1.1 
(see  page  SI). 

Hippnrio  acid,  or  benzoyl-amido  acetic  acid,  C,n,NO,  or 
C.IIs.CO.NH.Clli.COOH.  This  acid  decomposes  into  benzoic  acid 
and  glycocoll  on  boiling  the  nriue  with  mineral  acids  or  alkalies, 
this  also  takes  place  iu  putrefaction.  The  reverse  of  this  occurs 
if  these  two  components  are  heated  in  a  sealed  tube,  accordiuf; 
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to  tile  following  equation:  C.HjCOOH  +  NHpCH,.COOH 
C.H».CO.NU.CH,.COOII  +  n,0.  This  acid  miij  be  ajntlietioi 
prepared  from  beuzamid  and  monoclilur-acelic  acid,  GtUcCO.N 
4-  CU,C1.C00U  =  C.H..CO.NH.CH^COOH  +  HCI,  also  in  otl 
different  ways. 

Hippuric  acid  occurs  in  large  amounta  in  the  uriue  of  herbivo 
but  only  in  small  quantities  iu  that  of  camivora.  The  quantity 
hippuric  acid  eliminated  in  human  urine  on  a  mixed  diet  is  asat 
less  than  1  grm.  per  24  hours;  iis  an  average  it  is  0.7  grm,  Al 
eating  freely  of  vegetables  and  fruit,  especially  such  fruit  as  plui 
the  quantity  may  be  more  than  2  grma.  Hippuric  acid  is  a 
fouud  in  the  perspiration,  blood,  suprarenal  capsule  of  ozen,  and 
the  ichthyosis  scnles.  Nothing  is  positively  known  in  regard  toi 
quantity  of  hippuric  acid  in  the  urine  in  disease.  i 

The  Foymation  of  Hippuric  Acid  in  the  organism.  Benzoic  i 
and  also  the  substituted  benzoic  acids  are  converted  into  hippo 
acid  and  substituted  hippuric  acids  within  the  body.  Also,  th 
bodies  are  transformed  into  hippuric  acid  which  by  oxidat 
(toluol,  ciunamic  acid,  hydrocinnamic  acid)  or  by  reduction  (qui 
acid)  are  converted  into  benzoic  acid.  The  question  of  the  ori| 
of  hippuric  acid  is  therefore  connected  with  the  question  of  1 
origin  of  benozic  acid;  for  the  formation  of  the  second  compone 
glycocoll,  from  the  protein  substances  in  the  body  is  without  qu 
tioii. 

Hippuric  acid  is  found  in  the  urine  of  starving  human  beii 

(Schtltzkn)  and  dogs  (Salkowski),  also  in  dog's  urine  aft«: 

diet  consisting  entirely  of  meat  (Meissnbu  and  Shepard,  Salkc 

SKI,  and  others).     It  is  evident  that  the  benzoic  acid  originates 

these  cases  from  the  proteids.     Benzoic  acid  may  indeed  be  p 

duced  outside  of  the  body  by  the  oxidation  of  the  albumins;  < 

benzoic  acid  produced  on  a  diet  consisting  entirely  of  meat  see 

to  bfi  derived  from  the  putrefaction  of  the  proteids  in  the  intestin 

Among  the  products  of  the  putrefaction  of  albumin  outside  of  I 

body  Salkowski  lias  found  phenyl  propionic  acid,  C,H,.CH,.C 

COOII,  which  is  oxidized  in  the  organism  to  benzoic  acid  a 

eliminated  us  hippuric  acid  after  combining  with  glycocoll.    Phen 

propionic  acid  seems  to  be  formed  from  the  amid  o  phenyl  pro  pi  oi 

ocidt  which  is  prepared  only  from  the  plant  proteids,  and  tlie  si 
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position  that  tbe  phenjlpropionic  acid  ie  produced  from  tyrosin  by] 
putrefaction  iu  the  iotestines  has  not  been  Gubutuntiated  by  ihe^ 
researcbes  of  Bacmann,  Schotten  and  Baas.     The  importance 
of  putrefaction  in  the  iiitestiues  iu  produciug  iiippuric  acid  is 
dent  from  the  fact  that  after  thoroughly  disinfecting  the  intestines 
of  doge  with  calomel  the  bippuric  acid  disappears  from  tbe  iiriua 
(Baumann), 

Tbe  krge  quautity  of  hippnric  acid  present  iu  the  urine  of  her<  J 
bivora  is  partly  eiplained  by  tbe  fact  that  vegetable  proteids  yield 
perhaps  larger  amounts  of  amidophenylpropionic  acid,  and  partly 
by  tbe  specially  active  procesaes  of  pntrefaction  going  on  in  the 
intestines  of  herbivora.  These  circumstances  do  not  entirely  ex- 
plain this  excess  of  bippuric  acid  (Salkowski),  Tbe  abundant 
elimination  of  bippuric  acid  by  herbivora  may  in  part  depend  on 
the  great  amount  of  aromatic  substances  in  tiie  food  of  these  ani- 
mals which  is  converted  into  benzoic  acid.  There  is  hardly  any 
doubt  that  the  hippuric  acid  in  human  urine  after  a  mixed  diet, 
and  esi^ecially  after  a  diet  of  vegetables  and  fruits,  has  in  part  a 
aimiliir  origin. 

The  kidneys  may  be  considered  in  dogs  as  special  organs  for 
the  synthesis  of  hippuric  acid  (Schmiedebero  and  BtiNQE).  In 
other  animals,  as  in  rabbits,  the  formation  of  hippuric  acid  seems 
to  take  place  in  other  organs,  sucb  as  tbe  liver  and  muscles.  The 
synthesis  of  bippuric  acid  is  therefore  not  exclusively  limited  to  any 
special  organ,  though  perhaps  in  some  species  of  animals  it  may  be 
more  abundant  in  one  organ  than  in  another. 

Properties  and  reactions  of  hippuric  acid.  This  acid  crystallizes 
in  eemi-transpareut,  milk-white,  long,  four-sided  rhombic  prisms  or 
columns,  or  in  needles  by  rapid  crystallization.  They  dissolve  in 
600  parts  cold  water,  but  more  easily  in  hot  water.  They  are  easily 
soluble  in  alcohol,  but  with  difficulty  in  ether.  They  are  more 
easily  soluble  {about  12  times)  in  acetic  ether  than  in  ethyl  ether. 
Petroleum  ether  does  not  dissolve  them. 

On  heiiting  hippuric  auid  it  first  melts  to  an  oily  liquid  which 
crystallizes  on  cooliug.  By  continuing  tbe  heat  it  decomposes,  pro- 
ducing a  red  mass  and  a  sublimate  of  benzoic  ucid,  with  tbe  genera- 
tion, first,  of  a  peculiar  pleasant  odor  of  hay,  and  then  an  odor  of 
hydrocyanic  acid.     Hippuric  acid  is  easily  differentiated  from  bea- 
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amount  is  greater  tlian  after  a  meat  diet.  After  taking  carbolio 
acid,  which  is  in  great  part  couTerted  by  eynthesis  within  the  or- 
ganism into  phenol-ethereal  sulphuric  acid,  pyrocatechin-  and 
liydrochition-Bulphnric  acid,  and  alBO  when  the  amount  of  sulphuric 
acid  ie  not  sufficient  to  comhirie  with  the  phenol  forming  plienyl- 
glycuronic  acid,  the  amonnt  of  phenol  and  ethereal  sulphuric  acids 
in  the  urine  is  considerably  increased  at  the  expense  of  the  sulphate- 
sulphuric  acid. 

An  increased  elimiuatiun  of  phenol-sulphuric  acid  occare  in 
active  putrefaction  iu  the  inteutiues  with  stoppage  of  the  con- 
tenta  of  the  intestine,  as  in  ileus,  diffused  peritonitis  with  atooia 
of  the  intestine,  or  tuberculous  enteritis,  but  not  in  simple  ob- 
struction. Tlie  elimination  is  also  increased  by  the  absorption  of 
the  products  of  putrefaction  from  purulent  wounds  or  abscesses. 
An  increased  elimination  of  phenol  has  been  observed  in  a  few 
other  cases  of  diseased  conditions  of  the  body. 

The  alkali  salts  of  phenol-  and  cresol -sulphuric  acids  crystallize 
in  white  plates,  similar  to  mother-of-pearl,  which  are  rather  freely 
soluble  in  water.  They  are  soluble  in  boiling  alcohol,  but  only 
slightly  soluble  in  cold.  On  boiling  with  dilute  mineral  acids  they 
are  decomposed  into  sulphuric  acid  and  the  corresponding  phenoL 


Phenol-Hulphuric  acids  have  been    syntlietically  prepared   by 

[.Bauuamn  from  potassium  pyrosulphate  and  phenol-  or  p-cresol-po- 

I  taseium.     For  the  method  of  their  preparation  from  urine,  which  is 

Tatlier  complicated,  the  reader  b  referred  to  other  text- book  a.     The 

qnantitative  estimation  of  these  ethereal  sulphuric  acids  is  done  by 

BArMAKN  and  Briefer  by  determining  tne   amount  of  phenol 

wlilch  may  be  separated  from  the  nrine  a»  tribromphenol.     In  this 

d(!t«rmi nation,  wlien  the  urine  is  not  specially  rich  in  phenol,  about 

one  fourth  of  the  total  quantity  in  the  twenty-four  hours  is  used; 

it  is  acidified  with  concentrated  hydrochloric  acid — o  c.  c.  for  every 

100  c.  0.  of  urine — and  distilled   until  a  portion  of  the  distillate 

does  not  ^ive  the  alighest  reaction  for  phenol  with  Millon'b  re- 

I  agent  or  with  bromine- water.     The  distillate  is  now  carefully  neu- 

tntlized  with  soda  solution  (which  combines  with  the  benzoic  acid, 

etc.)  and  ag^iiri  distilled  until  a  portion  of  the  distillate  is  free  from 

,  phenol,  as  shown  by  the  above-mentioned  reagents.     This  distillate 

B"!  treated  with  bromine-water  until  a  permanent  yellow  color  is 

idaoed,  and  th<;n  allowed  to  stand  for  about  twenty-four  hours 

I  th«  oold;  the  crystalline  precijiitate  then  is  collected  ou  a  small 
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weighed  filter,  washed  with  dilute  bromine-water,  dried  over  buI- 
phitric  ncid  witbout  the  use  of  tt  vacuum  and  weighed  (331  parts 
tribrompheiiol  correepoiid  to94  pnrts  phenol).  ParacreeouBgradu- 
aliy  converted  into  tribromplieuol  by  this  treatment  with  bromtne- 
water.  The  metliods  for  the  separate  determination  of  the  coupled 
sulphuric  acid  and  the  sujphat^-aulphuric  acid  will  be  spoken  of 
later  in  connection  with  the  determination  of  the  sulphuric  acid  of 
the  urine. 

FTTocaMohln-inlplinTio  Add  (aad  PniocATEcniK).  This  add  wns  first 
found  ill  horsts'  uriue  iu  rather  litrge  qUBDtlliei  by  Bauuakn.  Ii  only  occurs 
iu  humsD  urine  iu  the  very  smallest  quaotities  and  purbxps  not  coiislautly, 
b»t  It  occurs  abuadantly  in  lite  urluo  after  takiug  pLcuol,  pyrocaiechin,  or 
protoCBtechluic  ai'M. 

Ou  an  exclusive  meat  diet  Uils  acid  does  not  occur  in  the  urine,  and  It 
til  ere  Fore  originates  from  the  vegetable  food,  ll  probably  origluatca  from 
the  protocatecbuic  acid,  which,  according  lo  Prkussb,  passes  \a  part  into  the 
uriijo  as  pyrocatechiu -sulphuric  acid.  This  acid  inny  hIso  perhnps  depend  on 
oxidation  of  phenol  within  Ihe  organism  (BAttUAHS  and  Prbossk). 

Pjrooataobia,  or  o-Dtoxvbensol,  C\Hi(OH)i,  was  flrst  observed  In  the 
urine  of  a  child  (Epbtkik  and  J.  Mdu^h).  The  reducible  body  alcaptoh, 
first  found  by  BOdekeb  in  human  urine  and  which  was  considered  for  a  loug 
lime  as  ideniicul  with  pyrocatecliin,  is  naoLBncic  acid,  according  to  Kihk. 

Pyroculechin  cryslailixes  in  prisins  which  are  soluble  in  alcolioi,  ether, 
and  water.  It  mulls  at  102'-104°  C.  and  subliitiea  in  sbiDlag  plates.  The 
waKTy  solution  becomes  green,  brown,  and  uUiinalely  black  In  the  presence 
of  alkali  and  the  oxygen  of  the  air.  If  very  dilute  ferric  chloride  is  treated 
wlUi  tartaric  acid  BDiTthen  made  alkaline  with  ammoaia  and  this  added  to  a 
watery  suiulion  of  pyrucalechin,  we  obluio  a  violet  or  cherry-red  liquid  which 
becomes  green  by  saturating  with  acetic  acid.  Pyrocatecliiu  is  preetpilaled 
by  lead  acetate.  It  reduces  ao  ammoniacal  silver  solution  at  the  ordiaarT' 
temperature  and  reduces  alkaline  copperoitde  solutions  with  heat,  but  docfl 
not  reduce  bismuth  oxiite. 

A  urine  containing  pyrocBlechin,  if  exposed  to  the  air,  especially  when 
nlfcaline,  quickly  becomes  dark  and  reduces  alkalltie  copper  solutions  wlUi 
heat.  In  detecting  pyrocatechln  In  the  urine  it  is  concentrnted  when  uecessary, 
Bllered.  boiled  with  ihe  addition  of  sulphuric  acid  to  remove  the  phenols,  and 
repeatedly  shaken  after  cooling  with  ether.  The  ether  is  dislllled  from  Ihe 
several  ethereal  exiraets,  the  residue  neutralized  with  barium  carbonate  and 
sliakeu  agnlu  witli  ether.  The  pyrocatechln  wlilch  reniHioB  after  evaporating 
the  ether  mny  be  purified  by  recryataiiizstlon  from  beiiKol. 

HydrooUnon,  or  f-Dioxvbbmzoi..  C;.H.(0HI,.  oflen  occurs  in  the  urtno 
afler  tlie  U8e  of  phenol  (Bauuann  and  Prkussb).  The  dark  color  which  cer- 
tain urines,  so-called  "  carlxdlc  uriues."  take  iu  the  air  is  due  todecomposltion 
products.  Uydrochinon  docii  uot  occur  as  a  normal  consiituent  ut  urltie.  but 
after  the  administration  of  hydrochinon ;  according  to  v,  Mkkjko  aod  Lbwih, 
It  passes  Into  the  urine  of  mbbils  as  ethereal  sulphuric  acid,  as  a  decomposition 
product  of  arbutln. 

Hydrochinon  forms  rhorobical  crystals  which  are  readily  soluble  In  water, 
alcohol,  and  ether.  It  melts  at  169*  C.  Like  pyrocatechln.  it  eiisily  reduces 
metallic  oxides.  It  ocls  like  pyrocatechlu  with  alkalies,  but  is  nol  precipitated 
with  lead  acetate.  It  is  oxidised  into  chinon  by  ferric  chloride  and  other 
oiidlziug  agents,  and  chinon  is  delected  by  its  peculiar  odor.  Hydmchlnon- 
■ulpbiirlc  acid  is  detected  In  the  urine  by  the  same  methods  as  pyrocatechln- 
sulphuric  acid. 
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Indoxyl-snlphuric  acid,   C,n,NSO.  or   C,H.N.O.SO,.OH,  alw 

called  URINE  indican,  formerly  called  titoxANTHiN  (Heller), 
occurs  ae  alkali-iialt  in  the  urine.  This  compound  is  the  mother- 
BubBtance  of  a  great  part  of  the  indigo  of  the  urine.  The  quantity 
of  indigo  which  can  be  separated  from  the  urine  is  considered  as  a 
measure  of  the  quantity  of  indoxyl -sulphuric  acid  (aud  iudoxyl- 
glycuronic  acid)  contained  in  the  urine.  This  amount,  according  ' 
to  Jaffe,  for  man  is  5-20  milligrammes  per  24  houra.  Horse's  ' 
urine  contains  about  35  times  as  much  indigo-forming  substance  as 
human  urine. 

In  doxy! -sulphuric  acid  isderived,aBabove  mentioned  (page2]6), 
from  indol,  which  is  first  oxidized  iu  the  body  into  indoxyl  and 
then  is  coupled  with  sulphuric  acid.  After  subcutaneous  injection 
of  indol  the  elimination  of  indican  is  considerablj  increased 
(Jaffe,  Bacmann  aud  Brieoer).  It  ia  also  increaaed  by  the 
introduction  of  orthonitrophenylpropiolic  acid  in  the  orgauiBm  of 
animals  (G.  Hoppe-Sbyler).  Indol  ia  formed  by  the  putrefaction 
of  proteids,  and  it  is  therefore  easy  to  understand  why  the  quantity 
of  indoxyl-Bulphuric  acid  is  greater  with  a  meat  than  with  a  vege- 
isXAe  diet.  The  putrefaction  of  secretions  rich  in  albumin  in  tho 
intestine  explains  also  the  occurrence  of  indican  in  the  nrina  ' 
during  starvation.  Gelatine,  on  the  contrary,  does  not  increase  the  \ 
elimination  of  indican.  An  abnormally-increaaed  elimination  of  \ 
indican  occurs  iu  sncli  disejiscB  as  obstruct  the  small  inteattne, 
OBosing  an  increased  putrefaction,  thus  producing  an  abundant 
formation  of  indol.  Such  an  increased  elimination  of  indican 
occurs  on  tying  the  small  intestine  of  a  dog,  but  not  the  large 
intestine  (Jaffe). 

The  simple  obstruction  of  the  human  colon  does  not  increase 
the  indican  in  the  urine.  The  obstruction  of  the  large  intestine 
may,  when  it  causes  a  considerable  disturbance  in  the  motion  of 
the  contents  of  the  upjter  ileum,  produce  an  increased  elimination 
of  indican.  Like  the  putrefaction  in  the  intestine,  the  putrefaction 
of  |>roteid§  in  other  organs  and  tissues  of  the  body  may  cause  an 
iacrease  in  the  indican  of  the  urine. 

An  increased  elimination  of  indican  has  been  observed  in  many 
diseases,  such  as  in  ileua,  cholera,  acute  general  peritonitis,  abscess, 
and  carcinoma  of  the  stomach,  intestinal  catarrh,  multiple  lym- 
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pnomA.  fetid  bronchitis,  ichorous  pl<?ur&l  exudations,  diabetes 
mellituB,  and  othere.  The  increase  of  indican  in  ihe  urine  observed 
in  conBumptioQ  and  inanition  depends  probtibly  upon  the  dielurbed 
digestion.  In  increased  elimination  of  inilican  the  elimination  of 
phenol  is  also  increased  ;  a  urine  rich  in  phenol  is,  on  the  contrary, 
not  always  rich  in  indican. 

Ttie  potass! um-salt  of  indoxyl-sitlphuric  acid  which  was  pre- 
pared by  Bauuakn  and  Bbieqf.r  from  the  urine  of  a  dog  fed  on 
indoi,  crystallizes  in  colorless,  shining  plates  or  leaves  which  are 
easily  soluble  in  water  but  leas  readily  in  alcohol  It  is  split  by 
mineral  acids  into  sulphuric  acid  and  indosyl.  The  latter  without 
access  of  air  passes  into  a  red  compound,  indoxyl-red,  but  jn  the 
presence  of  oxidizing  reagents  is  converted  into  indigo-blue : 
2C,H,N0  -1-  20  =  C„U,„N,0,  +  3H,0.  The  detection  of  indican 
is  based  on  this  last  fact. 

For  the  rather  complicated  preparation  of  indoxyl-sulphuric 
acid  as  potuasium-salt  from  urine  the  reader  is  referred  to  other 
text-boots.  For  the  detection  of  indican  in  urine  in  ordinary  cases 
the  following  method  of  Jaffe,  which  also  serve  as  an  approximate 
test  for  the  quantity  of  indican,  is  sufficient. 

Jaffe's  Indican  Test.  20  c.  c.  of  urine  are  treated  in  a  glass 
with  2-3  c.  G.  chloroform  and  mixed  with  an  equal  volume  of 
concentrated  hydrochloric  acid.  Immediately  aftei-  a  concentrated 
chloride-of-lime  solution  or  a  \%  potassium -permanganate  sohiliou  is 
added  drop  by  drop,  and  after  each  drop  the  mixture  is  thoroughly 
shaken.  The  chloroform  is  gradually  colored  faintly  or  strongly 
bine.  An  excess  of  oxidizing  reagent,  especially  chloride  of  lime, 
interferes  with  the  reaction  and  must  therefore  bti  avoided.  The 
test  is  repeated  with  somewhat  varying  amounts  of  oxidizing 
material  until  a  point  is  found  at  which  the  maximum  coloration  of 
the  chloroform  takes  place.  Prom  tiie  intensity  of  the  color  the 
quantity  of  indigo  is  determined. 

An  exact  determination  of  the  amount  of  indigo  in  urine  is  very 
rarely  made.  The  methods  suggested  for  this  purpose  are  very 
complicated,  and  even  then  they  are  not  quite  accurate;  therefore 
the  reader  is  referred  to  other  text-books  for  their  description. 


Indol  seems  also  to  pass  into  the  urine  as  a  glycuronic  acid, 
indox.yl-glyatronic  acid  (Scuuiedgbeso).  Such  an  acid  has  been 
found  in  the  urine  of  animals  after  the  administration  of  the 
BOdium-ealt  of  o-nitrophenylpropiolic  acid  ^Q.  Uoppe-Sbtlkb). 
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Bkatoxyl-tnlphnric  Acid,  C,H,?fSO,  or  C,H,.S.  O.SOrOH.  The 
potassium-salt  of  this  acid  seems  to  occur  generally  in  human  arine 
aa  &  chromogen,  which  yields  a  red  or  violet  coloring  matter  on  d&<  ' 
composing  with  strong  acids,  and  an  oxidizing  reagent.  This  sidfe] 
haa  been  prepared  by  Otto  from  diabetic  liuman  urine.  Little  i 
known  of  tlie  quantity  of  tbia  skatolchromogen,  to  which  probably 
also  the  skatoTyl-glycuronic  acid  must  be  counted,  under  physiol- 
ogical and  pathological  conditions. 

8katosy)-8uIphuric  acid  originates  from  skatol  formed  by  putro-  i 
faction  in  the  intestine,  which  is  conpled  with  sulphuric  acid  afterl 
oxidation  into  skatosjl.  That  skatol  introduced  into  the  bodjl 
passes  partly  as  an  ethereal  sulphuric  acid  into  the  urine  has  heeoil 
shown  by  Bkiboek.  Indol  and  skatol  act  differently,  at  least  in  I 
dogs;  indol  producing  a  considerable  amount  of  ethereal  sulphnrial 
acid,  while  skatol  only  gives  a  smalt  quantity  (Mestek).  Skato' 
seems  partly  to  pass  into  the  urine  as  a  ukatoxyl-glycuroiUc  acid. 

llie  potaseiura-salt  of  ekatoxyl-sulphuric  acid  is  crystalline;  it -I 
dissolves  in  water,  but  with  difficulty  in  alcohol.   A  watery  solntion.>i 
becomes  deep  violet  with  ferric  chloride,  and  red  with  concentrated  1 
nitric  acid.     The  salt  is  decomposed  by  concentrated  hydrocblorioi 
acid  with  the  separation  of  a  red  precipitate.     The  nature  of  this  i 
red  coloring  matter   produced  by  the  decomposition  of  akatoxyU 
Bulphnric  acid  is  not  well  known;  neither  is  the  relationship  exist- 
ing between  this  and  oth^r  red  coloring  matters  in  the  urine  known. 
On  distillation  with  zinc-dust  the  skatol  coloring  matter  yielda  . 
skatol. 

Urines  containing  skatoxyl  are  colored  dark  red  to  violet  l^  I 
jAFFB'a  indican  test  even  after  the  addition  of  hydrochloric  aoidjj 
with  nitric  acid  they  are  colored  cherry-red,  and  on  warming  witb.1 
ferric  chloride  ai5d  hydrochloric  acid  red.  The  coloring  mattei^T^ 
which  yields  skatol  with  zinc-dnst  may  be  removed  from  the  urine  ^ 
by  ether.  Urines  rich  in  skatosyl  darken  when  allowed  to  st&nd,  I 
and  may  become  reddish,  violet,  or  nearly  black. 


Aromatic  Oxyacidi.      In   the   putrefaction  of  proteids  in  the 
inteatioe,  paraoxyphenyl-acetic    acid,    C,H.(OH).CH,COOH,  aadj 
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paraoxypkinyl-propionic  acid,  C,H,(OH).C,H,,C00H,  are  formed 
from  tyroain  as  iutermediate  steps,  and  these  pass  unchanged  into 
the  urine.  They  were  first  detected  by  Bacmann.  The  quantity 
of  these  acida  is  usually  very  email.  They  are  increased  by  the 
Bamo  circumstances  as  plienol,  especially  in  acute  phoaphorus-poi- 
souing,  in  which  the  increase  is  considerable.  In  acute  atrophy  of 
the  liver  another  oxyacid,  oxymanilel-add,  has  been  found  in  tlie 
urine  (ScHULTZEN  and  Kiess). 


ad3a  proceedin  the  following  way  (Baumank)  :  Warm'  the  urlDC  for  h  while 
on  the  water-balh  with  bydvocblorfc  ncid,  iu  order  to  drive  off  the  volatile 
phenols.  Afltr  cuuliDs  ahuke  three  times  with  elher,  and  Uien  iliake  the 
ethereal  extracts  with  dilute  wxla  solutioo.  which  dissolves  the  oxjaclda.  while 
the  residue  of  the  pheools  soluble  iu  elher  rcmHiDB.  The  alkuline  soluliOD  of 
the  oxyacida  is  now  fftiDlly  iiciiiillcd  with  sulphuric  acid,  sliaken  aruiu  with 
ether,  the  elher  removed  and  allow  to  evaporate,  the  residue  dissolved  In  a 
Itltle  water,  aad  Ihesoluliou  tesied  with  Milu)n's  reagent.  The  twooxyacida 
are  best  dlfferentiHted  liy  tlitir  differvnt  raeUiog-poiuts.  The  reader  is  referred 
toother  worlcs  for  the  method  of  isolating  and  separating  these  two  oxyncids. 
UroUucie  Aeid,  CuU>>Oi.  This  ai;id  In  a  pure  state  wm  tint  prepared  Ity 
Marshali,  from  urine,  hut  named  and  specLilly  studied  hy  KntK.  In  au  Im- 
pure slate  it  forms  llie  reducible  siibstance  alcaptoh  discovered  by  Bokde- 
KKn.  This  acid  is  especially  foiiod  in  children's  urine.  Such  urine  reduces 
FBaLiMo's  reagent,  but  not  an  alkaline  bismuth  or  picric-acid  solution.  It  is 
fermenlable.  opiimlly  inactive,  and  is  colored  deep  brown  in  the  air,  es()e- 
ciall^  in  an  alkaline  solution.  In  these  respects  it  differs  from  a  urine  con- 
toining  sugar. 

Urinary  Coloring  Hatteri  and  Chromogens,  The  yellow  color  of 
normal  urine  depends  apparently  upon  several  coloring  matters 
(Viebordt)  which  have  not  been  isolated  and  studied.  Besides 
these  bodies,  urobilin  Bometimes  occurs  in  fresh  normal  urine,  but 
by  no  means  always.  Instead  of  urobilin,  normal  nrine  often  con- 
tains a  mother-substance  of  the  same,  achromogon  or  itrobi  lingo  en, 
from  which  the  urobilin  is  gradually  formed  by  oxidation  on  allow- 
ing the  urine  to  stand  exposed  to  the  air  (Jaff^,  Stokvts,  DiSQtTE, 
and  others).  Besides  this  chromogen,  urine  contains  various  other 
bodies  from  which  coloring  matters  may  be  produced  by  the  action 
of  chemical  agents.  Humous  substnuces  (perhaps  In  part  from  the 
carbohydrates  of  the  urine)  may  be  formed  by  the  action  of  acids 
(v.  Udranszky  and  Hoppe-Seylek)  without  regard  to  the  fact 
that  such  substances  may  gometimee  originate  from  the  reagents 
nsed,  as  from  impure  amyl-alcohol  (v.  Udranszky  and  Huffe- 
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with  a  little  lead  peroxide.  Thia  choletelin  acta  like  urobiliu,  but 
that  obtained  from  bilirubin  b;  the  action  of  nitric  acid  does  not. 
Bodieti  aimilar  to  urobilin  have  also  been  obtained  bj  Huppb- 
Seyler,  by  the  reduction  of  heematiii  and  hiemoglobin  with  zinc  and 
hydrochloric  acid;  by  Le  Nobel,  by  treiiting  an  acid -alcoholic  or 
alkaline  solution  of  hfematoporphyrin  with  tin  or  zinc;  and  lastly 
by  Nencki  and  Siebbb,  by  treating  bi^inatoporphyrin  with  zinc 
and  hydrochloric  acid.  From  the  observntionB  of  Le  Nobbl  and 
Kescki  and  Siebeh  it  follows  that  these  coloring  matters  arti- 
ficially prepared  from  the  blood -coloring  matters  are  not  identical, 
even  though  they  are  closely  related  from  an  optical  standpoint. 
It  must  be  loft  undecided  whether  these  bodies  are  identical  with 
each  other  or  with  the  urinary  urobiliu,  or  if  the  observed  diHerence 
is  only  due  to  a  contamination  with  other  bodies. 

Because  of  our  imperfect  knowledge  of  the  urobilin  of  the  urine 
and  the  CKOUiLiNOinm  (thia  name  has  been  given  by  Le  Nobel  to 
the  substance  artificially  prepared  by  him)  it  is  dilKciilt  to  say 
anything  positive  in  regard  to  the  occurrence  of  urobilin  in  the 
urine  in  disease.  During  the  absorption  of  large  blood  extvavasar 
tions,  as  also  in  discaseB  connected  with  destruction  of  the  blood- 
corpuscles  or  of  the  appearance  of  methiemoglobiu  in  the  blood- 
plasuia,  the  urine  becomes  dark  in  color,  which  generally  depends 
upon  an  increased  olimination  of  urobilin.  The  question  whether 
it  depends  on  an  increased  elimination  of  urinary  nrobiliu  or,  as  is 
more  probable,  upon  the  urobilinoidin  produced  from  the  blood- 
coloring  matters  is  still  doubtful.  lu  icterus  the  elimination  of 
urobilin  is  often  increased,  and  indeed  cases  occur  in  which  the 
nrobiliu  is  almost  the  only  coloring  matter  which  can  be  detected 
in  icteric  urines  (urobilinicterds).  In  these  cases  we  are  probably 
dealing  with  a  urobilinoid  substance  produced  from  the  bile-coloring 
matters. 

The  urobilin  obtained  from  a  fever  urine  is,  according  to 
Jaffb,  amorphous,  red,  dingy-red.  or  reddish  yellow,  according  to 
the  method  of  preparation.  It  dissolves  easily  in  alcohol,  amyl- 
alcohol,  and  chloroform,  but  less  readily  in  ether.  It  is  less 
soluble  in  water,  but  the  solubility  is  augmented  in  the  presence  of 
a  neutral  salt.     It  may  be  precipitated  from  a  solution  ^turat«d 
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with  ammonium  ealpbate  by  the  addition  of  sulphnric  acid 
(M&hy).  It  it!  soluble  in  alkalies  and  is  iDcompletelj  precipitated 
from  the  alkaline  eolution  by  the  addition  of  acid.  It  ie  partly 
dissolved  by  chloroform  from  an  acid  ( watery -aleoliolic)  solution ; 
alkali  solutioDS  remove  the  urobilin  from  the  chloroform.  The 
alkaline  solntiona  of  urobilin  give  insoluble  combinations  with  salts 
of  the  heavy  metals,  such  aa  zinc  and  lead.  Urobilin  does  not  give 
Gmelix's  test  for  bile-pigments. 

Neutral  alcoholic  urobilin  solutions  are  in  strong  concentration 
brownish  yellow,  in  great  dilution  yellow  or  roae-colored.  They 
have  u  strong  green  fluorescence.  The  acid-alcoholic  solutions  are, 
according  to  concentration,  brown,  reddish  yellow,  or  rose-red. 
They  are  not  fluorescent,  but  show  a  faint  absorption-baud,  y, 
between  b  and  F,  which  borders  on  F,  or  in  greater  concentration 
extends  over  F.  The  alkaline  solutious  are,  according  to  concen- 
tration, brownish  yellow,  yellow,  or  (the  amnioniacal)  yellowish 
green.  If  some  zjnc-chloride  solution  is  added  to  an  ammoniacal 
solution,  it  becomes  red  and  shows  a  beautiful  green  fluorescence. 
This  solution,  an  also  that  made  alkaline  witli  fixed  alkalies,  shows 
a  darker  and  more  sharp! y-deflncd  band,  S,  almost  midway  between 
b  and  F. 

The  urobilin  obtainetl  by  MacMusn  according  to  other 
methods,  and  that  obtained  by  Jafpe,  differ  from  each  other 
mainly  in  the  following:  A  solution  of  normal  urobilin  becomes 
deeper  red  with  soda,  while  the  febrile  urobilin  becomes  yellow. 
Tha  band  y  of  the  normal  urobilin  disappears  on  the  addition  of 
alkali,  while  the  corresponding  band  of  the  febrile  moves  towards 
the  left.  The  ethereal  solution  of  febrile  urobilin  shows  two  faint 
absorption-bands  on  each  side  of  D  which  are  not  to  be  seen  in  the 
watery  solution  nor  in  the  urine.  Febrile  urobilin  is  a  brownish- , 
red  and  the  normal  a  yellowish-brown  powder.  Febrile  urobilin  i^sl 
according  to  MauMunn,  converted  into  normal  urobilin  by  po-j 
tossium  permanganate. 

In  preparing  urobilin  from  normal  urine,  precipitate  the  uriiM 

with  basic  lead  acetate  (Jaffe),  wash  the  precipitate  with  water,  1 

dry  at  the  ordinary  temperature,  then  bod  it  with  alcohol,  and  J 

'Wmpose  it  when  cold  with  alwho!  containing  snlphuric  acid. 

I  Altered  alcoholic  solution  is  diluted  with  water,  saturated  with 
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aminoDiH,  and  then  treated  with  zinc-cfaloride  solution.  This  new 
precipitate  is  washed  free  frum  chlorine  with  water,  boiled  with 
alcohol,  dried,  diasolved  iu  ummoiiiii,  and  this  solutiuii  precipitated 
with  Bugar  of  lead.  This  precipitate,  which  is  washed  with  water 
and  boiled  with  alcohol,  ie  decomposed  by  alcohol  containing  sul- 
phuric acid,  the  filtered  alcoholic  solution  is  mixed  with  \  vol. 
chloroform,  diluted  with  water,  and  shaken  repeatedly,  but  not  too 
energetically.  The  urobilin  is  taken  up  by  the  chloroform.  This 
last  IB  washed  once  or  twice  with  a  little  water  and  then  filtered, 
leaving  the  urobitin,  which  is  purified  from  a  contaminating  red 
coloring  matter  by  means  of  ether. 

According  lo  Jaffh,  the  coloring  matlor  csd  be  direcllv  precipitated  from 
a  fever  urine  ricb  ju  uroblllu  by  ummouia  nad  zinc  chluriile.  and  this  preclpl' 
late  treated  as  above.  Mkkv  f»lutly  acidiOes  the  urine  with  sulphuric  add 
(1-2  gnus,  per  litre),  then  saturates  witb  ammoiiiuni  sulphate,  washes  the  pre- 
cipitate un  a  Slier  with  au  ncldlSed  ammonlum-suIpliBte  Boluliou,  presseB  the 
filler,  nlid  extmcis  the  coloring  matter  with  absulutt:  nicoliol  at  a  gcuilu  heat 
after  the  additba  of  a  fen  drops  of  ammonia.  MacMcnn  precipitates  the  urine 
with  ausar  of  lead  and  basic  lead  acetate,  decomposes  the  precipitate  with 
acidltied  alcohol,  dilutes  the  solution  with  water,  shakes  with  chlorofonn, 
evaporntea  this  last,  and  dissolves  Ibe  residue  repeatedly  with  chlorofonn. 
The  method  of  prepnrntioD.  accordiog  lo  MagMurn,  is  the  same  for  both 
urobilins,  the  normal  and  the  febrile. 

The  color  of  the  acid  or  alkaline  solntion,  the  bcaatiful  flnores- 
cence  of  the  ammoniacal  solution  treated  with  zinc  chloride,  and 
the  absorption -band  8  of  the  epectrnm,  all  serve  as  means  of  detect- 
itig  urobilin.  In  fever  urines  the  urobilin  may  be  detected  directly 
or  after  the  addition  of  ammonia  and  zinc  chloride  by  its  spectrum. 
It  may  also  be  detected  sometimes  in  normal  urine  directly  or  after 
the  urine  has  stood  exposed  to  the  air  until  the  chromogen  has 
been  converted  into  urobilin.  If  il  cannot  be  detected  by  means  of 
the  spectroscope,  then  the  urine  may  be  treated  with  a  mineral  aciil 
and  auaken  with  ether.  The  ethereal  solution  may  be,  diiectly  or 
after  concentration,  tested  with  the  spectroscope.  It  is  often  bet- 
ter to  dissolve  the  residue,  after  the  evaporation  of  the  ether,  in 
absolute  alcohol,  and  use  this  for  the  spectroscopic  investigation. 
According  to  Salkowski,  the  urobilin  may  be  directly  extracted 
by  gently  shaking  with  ether  free  from  alcohol.  If  the  urobilin 
cannot  be  detected  by  the  above-described  methods,  then  prccipi- 
tate  the  urine  with  basic  lead  acetate,  decompose  the  precipitaie 
with  acidified  alcohol,  tost  this  solution  or  extract  the  coloring 
matter  by  diluting  with  water  and  shaking  with  chloroform. 

The  riToehrom  (TnuDiOHrM)  seems  to  be  a  mixture  of  Bcveml  bodicsi. 
UroeryArin  is  thai  coloring  matter  which  often  culoni  the  urinary  sediment 
{tniiriumCam  laleHtinm)  beaulifuUy  red.  Il  ocrurs  especially  in  fevers  aud 
other  diseases,  but  it  is  uot  found  in  the  uriuu  of  perfectly  healthy  persuus. 
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.1  Uial  of  dugs  Hud  herbivora  (ScuinTKN),  Thu  acids  poureui  iu  curboii. 
formic  acid,  imd  acetic  acid  arc  more  canataut  Id  Ibc  IhxIv  lliuu  (hose  rlcber  in 
carbou.  ajid  tburefurc  lUe  relatively  greater  pan  pass  uiK^lianeed  Into  the  urino 
(SCHOTTEN}.  Normal  bumaii  uHoe  conlajafi  besides  Ibese  bodies  otbcro  which 
yield  acetic  acid  when  oxidized  by  potassium  diclironiaic  and  sulphuric  acid 
tv.  Jakbcr).  Tbc  quoDlity  of  Toialllc  fatty  acids  in  Durmai  urine  is,  nceordjug 
lo  T.  Jaksch,  0.008-0.008  gnu.  per  24  hours,  and  sccording  to  v.  Rubitanbict, 
0.034  grm.  Tbe  quantity  is  Increased  by  fxduaive  fariuaccous  food,  also  la 
fever  and  In  certain  diseases  of  tbe  liver  (v.  Jaem;h).  It  la  also  iocreased  in 
leuoemia  and  in  mauycasee  of  diabetes  (v.  Jaksch).  Large  amouuls  of 
Tolalile  fatty  acids  are  produced  in  alkaline  fcrmeniatiou  of  (be  urine,  sod  Iha 
qusntity  is  15-16  limes  as  larf^e  as  in  normal  urine  {Balsowbei). 

Paraiaetu:  Add.  It  is  claimed  that  Uiis  acid  ocours  in  the  urine  of  beallhT 
persons  after  very  fatiguing  marches  (Colajanti  and  Mobcatelli).  It  la 
fouod  in  larger  amouuts  in  the  urine  In  acute  pbosptiurua  polsouiug  or  acuttt 
yellow  atrophy  of  the  liver  (Sciiultzbn  and  Hiebh),  also  tn  osteomalacia 
(HOkb  and  Mock).  After  tbe  exlirpatiun  of  Ibe  liver  of  birds  it  is  found  la 
large  <iuantitlea  in  [heir  urine  (Hinkowskt).  Olyetro-plioipharie  acid  occure  as 
traces  In  tbe  urine,  and  It  is  probably  a  <lecom  posit  ion  producl  of  leclLblu.  Tbe 
ie  aeui  in  uonual  urine  is  the  subject  of  diacuaaioD. 


Carbohydrates  and  Reducing  Substances  in  the  Urhte.  The 
occurrence  of  grape-sugar  as  trucca  in  normal  urine  is  highly  prob- 
able, as  tbe  iovestigatiouH  of  BiircKE,  Abeles  ami  v.  Udeakszki 
abow.  The  last  has  also  sliown  the  habitual  occurrence  of  carbo- 
hydrates in  the  urine,  and  their  presence  has  been  positively  proved 
by  the  investigations  of  Badmass  and  Wedenski.  Besides  this, 
the  urine  contains  traces  of  a  carbotigdrnfe  shnHar  to  dextrin 
(animal  gnm)  (Landwehk,  Wedenrki).  Besides  traces  of  sngar 
and  the  preTioUBly-mentioned  reducing  substances,  ni-ic  acid  and 
creatinin,  the  urine  contains  still  other  reducing  substances.  These 
last  are  probably  (FLiicKifiER)  conplod  combinations  of  glgeuronic 
acid,  C,U,i,0, ,  which  closely  resembles  sugar.  The  reducing  power 
of  normal  urine  corresponds  according  to  Fluckioek  to  1.5-2.5 
p.  m.  grape-sugar,  according  to  Salkowski  4.08,  according  to 
MuNK  an  average  of  3.0,  and  according  to  Worm  MijLLER  abont 
1.0  p.  m. 

Glyonronio  Acid,  C.II„0,  or  Cno.(ClI.OH)..COOH.  This 
acid  may  bo  converted  into  saccharic  acid,  C,H,oO,,  by  tbe  action  of 
bromine  (TmKitFEi.DRR),  and  it  seems  to  occupy  an  intermediate 
position  between  this  acid  and  gluconic  acid,  CiHuO?,  obtained  by 
the  oxidation  of  glucose  or  cane-sugar  with  chlorine  or  bromine. 
Qlyooronic  acid  probably  only  occurs  normally  in  very  small  qnauti- 
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ties  in  human  urine  as  coupled  combinations  with  indoxyl,  skatoxjl, 
and  phenols.  It  ia  uIbo  found  in  the  artists'  color  "  jauae  indien," 
which  contains  the  mugnesium-salt  of  euxanthouic  acid.  Ou  heat- 
ing this  acid  with  water  to  120''-135°  G.  it  splits  into  enxsnthiu  and 
glycuronic  acid. 

This  acid  may  puss  into  the  urine  in  larger  quantities  ascouplud 
glycuronic  acids  aftt-r  the  administration  of  various  medicines  or 
other  substances  (see  below).  Thus  after  the  admin  itit  rat  ion  of 
chloral  hydrate,  naphthalin,  camphor,  and  turpentine,  respectively, 
nrochloiTilic  acid,  naphthol-glycuronic  acid,  campho-gjycurouic 
acid,  and  tei'|)en -glycuronic  acid  appear  iu  the  urine.  The  coupled 
glycuronic  acids  turn  the  plane  of  pohirizatiou  to  the  left,  while 
glycuronic  acid  itself  is  dextro-gyrate.  With  the  absorption  of 
water  they  may  split  into  glycuronic  acid  and  other  coupled  bodies. 
A  few  of  the  coupled  glycuronic  acids,  such  as  the  urochloralic 
acid,  reduce  copper  oxide  and  certain  other  metallic  oxides  in  al- 
kaline solution,  and  therefore  they  may  interfere  with  the  detection 
of  sugar  iu  the  urine. 

Glycuronic  acid  is  not  crystalline,  hut  is  obtained  only  as  a  syrup. 
It  dissolves  in  alcohol  and  is  easily  solnble  in  water.  If  the  watery 
solution  is  boih>d  for  an  hour,  the  acid  is  in  part  (20;()  converted 
into  the  anhydride  olvcl'B0N,G,HbO,  ,  which  is  crystaltine,  soluble 
in  water  but  insoluble  in  alcohol.  The  potassium-salt  of  this  acid 
crystallizes  in  jine  needles.  The  neutral  barium-salt  is  amorphous, 
solnble  in  water,  butts  precipitated  by  alcohol.  If  a  coucentrated 
solution  of  the  acid  is  Baturat«d  with  barium  hydrate,  the  basic  ha- 
rium-salt  separates.  The  neutral  lead-salt  is  soluble  in  water,  biir. 
the  basic  salt  ia,  on  the  contrary,  insoluble.  The  acid  is  dextro- 
gyrate, veduces  copper,  silver,  and  bismuth  salts.  It  gives  a  crys- 
talline combination  with  phenylhydrazin. 


Glycuronic  acid  maybe  prepared  from  urochloralic  acid  or  oam- 
pho-glycuronic  acid  by  Iroding  with  a  mineral  acid.  It  may  bo 
prepared  more  easily  by  heating  euxauthonic  acid  with  water  in 
Papis's  digestor  to  iSO^-lSS"  C.  for  an  hour  and  evaporating  the 
watery  solution  at+40°  0.  The  anhydride  which  crystallizes  grad- 
ually is  removed,  the  mother-liquor  diluted  with  water  nud  boiled 
for  a  time  to  convert  a  second  portion  of  acid  into  anhydride,  and 
then  evaporated  at  about  H-40   C,     This  is  continued  until  nearly 
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jtloDj  subsiances  h&ve  been  observed  In  animiil  urine  wLlch  &re  not  Taund 
InbuaiBa  urine.  To  tbese  belooy;  eyaurtnie  aeid.  C.,H,NO,.  occurring  iu 
dog's  urine  and  wblcli  is  hd  oxychmoiln  carbonic  acid  :  uraeanic  acid  {J\wrk). 
Snx  found  in  dog's  urine  ;  damaluric  oeiM  and  damoCie  acid  (according  to 
ScHoTTKN,  probably  a  mixture  of  benzoic  acid  with  Tolaiile  tally  aciils), 
obtained  by  tlie  dfstlllallon  of  cow'a  urine  ;  and  lastly  llie  IMurk  add,  found 
In  tbe  urinary  concicmenla  o[  certain  aniioaU. 


III.  Inorganic  Constituents  of  Urine. 

Cliloridei.  Tho  chlorino  oGcurring  in  urine  is  undoubtedly  com- 
bined with  tho  bases  contained  in  this  exci'etion;  tlie  chief  part  is 
combined  with  sodium.  In  accordance  witii  this,  the  amount  of 
chlorine  in  tho  urine  is  generally  expressed  as  \aCI. 

The  amount  of  chlorine  combinations  in  the  urine  is  Buhject  to 
couaiderable  variation.  In  general  tlie  quantity  for  a  healthy 
grown  person  on  a  niiied  diet  is  10-15  gnns,  NaCI  per  24  hours. 
The  quantity  of  common  salt  in  the  urine  depends  chiefly  upon  the 
quantity  of  salt  in  the  food,  with  which  the  elimination  of  chlorine 
increases  and  decreases.  Abundant  drinking  of  water  also  increases 
the  elimination  of  chlorine,  which  is  greater  during  activity  than 
during  rest  (during  night).  Certain  organic  chlorine  combinations, 
such  aa  chloroform,  may  increase  the  elimination  of  inorganic  chlo- 
rides by  the  urine  (Zblleb,  Mylius,  East). 

In  diarrhtea,  in  quick  formation  of  large  transudations  and 
exudations,  also  in  specially- marked  cases  of  acute  febrile  diseases, 
at  the  time  of  the  crisis,  the  elimination  of  common  salt  is  aignifl- 
cantly  decreased.  The  elimination  is  abnormally  increased  in  the 
first  days  after  the  crisis  and  during  the  absorption  of  extensive 
exudations.  A  diminished  elimination  of  chlorine  is  found  in 
acute  and  chronic  diseases  of  the  kidneys  accompanied  with  albu- 
minuria. In  chronic  diseases  tho  elimination  of  chlorine  in  general 
keeps  pace  with  the  nutritive  condition  of  the  body  and  the  activity 
of  the  secretion  of  the  urine.  As  a  rule  the  chlorine  is  diminished 
in  chronic  diseases. 

The  quantitative  estiination  ofchlonne  in  urine  is  most  simply 
performed  by  titration  with  silver-nitrate  solution.  The  urine 
must  not  contain  either  albumin  (which  if  present  must  he  re- 
moved by  coagulation)  or  iodine  or  bromine  compounds. 
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tused  mass  Iq  water,  and  remove  the  Iodine  or  bromide  by  tbe  addition  of 
dilute  sulpbiiric  acid  and  some  nitrite,  and  Ihorouirhly  ahalce  with  carbon 
disulphide.  Tbe  liquid  tbuH  obtained  muj  now  be  tiiraicd  with  sllvur  oltrate 
accoraiu);  to  Volhabd's  method.  The  quantity  of  bromide  or  iodiile  is  cal- 
culated u!)  the  difference  betweeu  the  quantity  of  silTer-mlraLe  aolutiou  used 
for  Iht;  titmtiuD  of  the  solutiua  of  lliu  fused  masa  and  Uie  quantity  used  for 
the  corresponding  Toliune  of  the  origiuaJ  uriiie. 

The  otherwise  beautiful  titration  method  of  Mobb,  according 
to  which  wo  titrate  with  eilver  nitrate  in  neutral  liquids,  using 
neutral  potassium  chromate  as  an  indicator,  cannot  be  used  directly 
on  the  urine  in  careful  work.  Organic  urinary  constituents  are 
also  precipitated  by  the  silver-salt,  and  the  results  are  therefore 
somewhat  high  for  the  chlorine.  If  we  wish  to  use  this  method, 
the  organic  urinary  constituents  must  first  be  destroyed.  For  this 
purpose  evaporate  to  dryness  5-10  c.c.  of  the  urine,  after  the  addi- 
tion of  1  grm.  of  chlorine-free  soda  and  1-2  grms.  chlorine-free 
saltpetre,  and  carefully  fuse.  Tlie  mass  is  dissolved  in  water, 
acidified  faiutly  with  nitric  acid,  and  then  neutralized  exactly  with 
pure  lime  carbonate.  This  neutral  solution  is  used  for  the  titration. 
N 

The  siiver-nitrate  solution  may  be  a  —  bo] 

made  of  stich  a  strength  tliat  eiicli  c.  c  corresponds  to  0.006  grm. 
CI  or  0.01  grm.  NaCl.      This    last-mentioned  solution    contains.^ 
29.075  grms.  AgNO,  in  1  litre. 

Volhard's  Method.     Instead  of  the  preceding  dotermination,^ 
Volhasd's  method,  which  can  be  performed  direcUy  on  the  urin^ 
may  be  employed.     The  priuciplo  is  as  follows:    All  tlie  chlorinflfl 
from  the  urine  acidified  with  nitric  acid  is  precipitated  by  an  esceasl 
of  silver  nitrate,  filtered,  and  in  a  measured  part  the  quantity  of  f 
silver  added  in  excess  is  determined  by  means  of  a  sulphocyanida 
solution.     This  excess  of  silver  is  completely  precipitated  fay  the 
snlphocyanide,  nnd  a  solntion  of  some  ferric  salt,  which,  as  is  well 
known,   gives  u  blootl-red  reaction  with   the  smallest  quantity  of  J 
salphooyanide,  is  u^ed  as  an  indicator.  1 

WerequirethefollowingHolutionsforthistitration:  1,  AsilTer-l 
nitrate  solution  which  contains  29.075  grms.  AgNO,  per  litre  and  of  1 
which  each  c.  c.  corresponds  to  0.01  grm.  NaCl  or  0.00607  grm/J 
CI ;  2.  A  Batnmted  solution  at  the  ordinary  temiierature  of  1 
dilorine-froe  iron  alnm  or  ferric  sulphate;  3.  Cfhiorine-free  nitrio  I 
»cid  of  a  specific  gravity  of  1.2  ;  4.  A  potassium  sulphocyanido  I 
solution  which  contains  8.3  grms.  KCNS  per  litre,  and  of  which  ] 
S  C.  C.  corresponds  to  1  c.  c,  of  the  silver-nitrate  solution. 


titration. 
It  is  often 


About   9  grma.  of  potassiuin   Bulpbocyanidc  are   dissolved   In   water  and  ] 
dtlutedlo  onelitn'.     The   nmniiiil   of  KCNS   eonWined   iu   this  soiulion  I 
determined  by  the    all ver-nh rate  soiulion  in  the  following  way:      Meaaure   | 
eawctly  10c.  c,  of  the  silver  solution  and  tr—  "'"■  ■'■'■"'  "■•-<■ 


t  wiih  S  c.  c.  of  nitric  acid  and 
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1-2  c.  c.  of  tbe  (erric-SHit  soluiion,  Bn<l  dilute  with  water  to  about  100  c.  c. 
Now  the  BUlpliocjuDldu  Milulion  la  added  froiu  a  biiretle,  coQSiaDtly  Btlrrlng, 
unii]  a  permaneDi  falut  red  roloj'stlon  of  the  liquid  takee  plnee.  Tlie  amouDt 
of  sulphocvHUide  fuuad  lu  tlie  solution  l)y  ttiis  means  indicates  bow  mucli  It 
must  l>e  diluted  to  be  of  Ihe  proper  Btrenglh.  Tilratu  once  more  with  10  c.  C, 
AsNO)  solutlooaud  correct  tlie  sulpliocy a uide  aulution  by  the  careful  addition 
of  water  until  20  c.  c.  eiatily  correspond  to  10  c.  c,  of  the  silver  sol utiou. 

The  determ illation  of  the  chlorine  in  the  urine  is  performed  by 
this  method  in  the  following  way  :  Exactly  10  c.  c.  of  the  uHno 
are  placed  in  a  flask  which  has  a  mark  corresponding  to  100  c.  c  ; 
5  c.  0.  nitric  acid  are  added  ;  dilute  with  about  50  c.  c.  water,  and 
then  allow  exactly  20  c.  c.  of  the  silver-uitrate  solution  to  flow  in. 
OtoBo  the  flafik  with  the  thumb  and  shake  well,  slide  off  the  thumb 
and  wash  it  with  distilled  water  into  the  flaek,  and  fill  the  flask  to 
the  100-c.  c.  mark  with  distilled  water.  Cloee  again  with  the 
thumb,  carefully  mix  by  ehaking,  and  filter  through  a  dry  filter. 
Measure  off  50  c.  c.  of  the  filtrate  by  means  of  a  pipette,  add  3  e.  c. 
ferric-salt  solution,  and  allow  the  sulphocyanide  solution  to  flow  in 
nntil  the  liquid  above  the  precipitate  has  a  permanent  red  color. 
The  calculation  is  very  simple.  For  example,  if  4,G  c  c.  of  the 
EUlphocyan ide  solution  were  necessary  to  produce  the  final  reaction, 
then  for  100  c.  c  of  the  filtrate  (  =  10  c,  c,  urine)  9.2  c.  c.  of  this 
solution  are  necessary.  9.3  c.  c.  of  the  sulphoeyanide  solution 
corresponds  to  4.6  c.  c.  of  the  silver  solation,  and  since  30  —  4.6 
=  15,4  c.  c.  of  the  silver  solution  were  necessary  to  completely 
precipitate  the  chiorides  in  10  c.  c.  of  the  urine,  then  10  c.  c.  con- 
tain 0.154  grm.  NaCl.  The  amount  of  sodium  chloride  in  the 
nrine  is  therefore  1.54^  or  15,4  Voo-  If  we  always  use  10  c.  c.  for  the 
dcterniiuation,  and  always  30  c,  c.  AgNO, ,  and  dilute  with  water  to 
100  0.  c,  we  find  the  amount  of  NaCl  in  lOOO  parts  of  the  nrine  by 
subtracting  the  number  of  c,  c.  of  sulphoeyanide  (R)  required  with 
50  c.  c.  of  the  filtrate  from  20.  The  quantity  of  NaCl  p.  m.  is 
therefore  under  tliese  circnmstances  =  20  —  R,  and  the  percentage 


of  NaCl  = 


10 


approximate  estimation  of  chlorine  in  the  nrine  (which 
i  free  frem  albumin)  is  made  by  strongly  acidifying  with 
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nitric  acid  and  then  adding  to  it,  drop  by  drop,  a  concentrated 
silver-nitrate  solution  (1 :  S).  In  a  normal  amount  of  chlorides  the 
drop  sinks  to  the  bottom  as  a  rather  compact  cheesy  lump.  In 
diminished  amounts  of  chlorides  the  precipitate  is  less  compact  and 
coherent,  and  in  the  presence  of  very  little  chlorine  a  fine  white 
precipitate  or  only  a  cloudiness  or  opalescence  is  obtained. 

Phosphates.     Phosphoric  acid  oconrs  in  acid  urines  partly  as 
double-,  MIljPO,,  and  partly  as  simple-acid,  M,HPOi,  phospliates. 
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both  of  which  are  found  in  acid  urines  at  the  aame  time.  On 
found  that  on  an  average  60;<  of  the  total  phosphoric  acid  was 
double-  and  40;^  was  simple-acid  phosphate.  The  total  quantity  of 
phoephoric  acid  is  very  variable  and  depeuda  on  the  kind  and  the 
quantity  of  food.  The  avenige  amount  of  PjOj  is  in  round  num- 
bers 2.5  grms.,  with  a  variation  of  1-5  grma,,  per  24  hours.  The 
phosphoric  acid  of  the  nrine  originates  to  a  small  extent  from  the 
burning  of  organic  compounds,  nuclein,  protagou  and  lecithin, 
within  the  organism.  The  greater  part  originates  from  the  phos- 
phates of  the  food,  and  the  quantity  of  eliminated  phosphoric  acid 
is  greater  when  the  food  is  rich  in  alkali  piiospliates  in  proportion 
to  the  quantity  of  lime  and  magnesia  phosphates.  If  the  food  con- 
tains much  lime  and  magnesia,  large  amounts  of  earthy  phosphates 
are  eliminated  by  the  excrements;  and  even  though  the  food  con- 
tains considerable  amounts  of  phosphoric  acid  in  these  cases,  the 
qnantity  of  piiosphoric  acid  in  the  urine  is  small.  Such  a  condition 
is  found  in  the  herbivora,  whose  urine  is  habitually  poor  in  phoB- 
phates.  The  extent  of  the  elimination  of  phosphoric  acid  by  the 
nrine  depends  not  only  upon  the  total  quantity  of  phosphoric  acid 
in  the  food,  but  also  upon  the  relative  amounts  of  alkaline  earths 
and  the  alkali  salts  in  the  food. 

From  the  transformation  of  tissues  rich  in  proteid  or  of  pbos- 
phorized  nerve-substance  in  the  body  we  might  perhaps  expect  an 
equal  relation  between  the  nitrogen  and  the  phosphoric  acid  in  the 
urine.  Many  investigations  have  been  made  upon  this  subject  by 
ZCELZBR,  Strdbino,  and  Edlefssen;  but  as  all  the  conditions 
which  affect  the  elimination  of  phosphoric  acid  are  not  yet  suffi- 
ciently known,  it  is  difficult  to  draw  any  definite  conclusions  from 
the  observations  thus  far  made. 

Little  is  known  in  regard  to  the  elimination  of  phosphoric  acid 
in  disease.  In  febrile  diseases  the  amount  of  phosphoric  acid  is 
considerably  decreased  as  compared  with  the  urea  (Zdelzeb).  Id 
diseases  of  the  kidneys  the  activity  of  these  organs  in  eliminating 
the  phosphates  ia  considerably  diminished  (Fleischer).  In  men- 
ingitis, on  the  contrary,  a  marked  increase  in  the  phosphates  is 
observed  in  the  nrine.  TEi88:i;K  has  described  a  special  form  of 
polyuria,  in  which  abundant  quantities  of  earthy  phosphates, 
10-30-30  grma.  per  S4  hours,  were  eliminated.     This  polyuria  was 
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called  PHOSPHATE  diabetes  by  Teibbi^r,  The  statements  in 
regard  to  the  amount  of  phosphate  iu  the  urine  in  rachitis  and  in 
osteomalacia  are  somewhat  contradictory.  A  diminished  elimina- 
tion of  phosphoric  acid  haa  been  observed  by  Stoktis  in  arthritis. 

Quantitative  estimation  of  phosphoric  add  in  the  nrine.  This 
estimation  is  most  simply  performed  by  titrating  with  a  solution  of 
uranium  acetate.  The  pnnciple  of  the  titration  is  as  follows:  A 
warm  solution  of  phospliates  containing  free  acetic  acid  gives  a 
whitish-yellow  precipitate  of  uranium  pnoephate  with  a  solution  of 
a  uranium  salt.  This  precipitate  is  insoluble  in  acetic  aoid.  but 
dissolves  in  mineral  acids,  and  on  this  account  we  always  add  in 
titrating  a  certain  quantity  of  sodium  acetate  solution.  Potassium 
feri-ocyanide  is  used  aa  the  indicator,  which  does  not  act  on  the 
uranium-phosphate  precipitate,  but  gives  a  reddish-brown  precipi- 
tate or  coloration  in  the  presence  of  the  smnlleat  amount  of  soluble 
uranium  salt,  The  solutions  necessary  for  the  titration  are :  1.  A 
solution  of  a  nranium  salt  of  which  each  c.  c.  corresponds  to  0,005 
grm.  P|Ot  and  which  contains  20.3  grms.  nranium  oxide  per  litre, 
20  c.  c.  of  this  solution  corresponds  to  0.100  grm.  P,0,.  2.  A  solu- 
tion of  sodium  acetate ;  3.  A  freshly-prepared  solution  of  potas- 
sium ferrocyanide. 

Tbe  urSDium  solution  U  prepared  from  iiraDium  oflrate  or  acetate.  Dis- 
solve about  85  erma.  uranium  acetate  in  water,  adil  some  acetic  acid  to  facililriTe 
solution,  and  dilute  to  one  litre.  The  strenglii  of  Iliia  soliilion  Is  determined 
by  titraiiug  with  a  solutioit  of  MNliuni  pliospbate  of  know:i  gtreiig:ili  (10,1)35 
grms  crysullized  salt  <□  1  litif,  wblcn  rorresponds  lo  0,100  grm.  PiOi  In 
SO  c.  c).  Proceed  in  the  same  way  as  In  the  titration  of  Ibe  urine  (see  below) 
and  eorrcct  Ibe  aolulion  by  diluting  wlih  water,  and  lllrale  again  until  30  i-  c. 
of  tbe  iintnium  lolution  correspond  exactly  to  60  c,  c.  of  tbe  above  pboephate 
solution. 

Tbe  Hodium-acelate  solution  sbould  conlnlD  10  grms.  sodium  acetate  and  10 
grma,  eouc.  aceilc  ncid  in  IIH)  c  c.  For  eacli  titration  5  c,  c.  of  tbis  solution  Is 
UBcd  witli  60  c,  I!,  of  the  urine. 

In  performing  the  titmtion,  mix  50  c.  c,  of  filtered  urine  in  a 
beaker  with  5  c.  c  of  the  sodium  acetate,  cover  the  beaker  with  a 
watch-glass,  and  warm  over  the  water-bath.  Then  allow  the  ura- 
nium solution  to  flow  in  from  a  burette,  and,  when  the  precipitate 
does  not  seem  to  increase,  place  a  drop  of  the  mixture  on  a  porce- 
lain plate  with  a  drop  of  tne  pota-ssium-ferrocyanide  solution.  If 
the  amount  of  uranium  solution  employed  is  not  stifficient.  the  color 
remains  pale  yellow  and  more  uranium  solution  mnst  be  added; 
but  as  soon  as  the  slightest  excess  of  uranium  has  been  used,  the 
color  l)eGomes  faint  reddish  brown.  When  this  point  has  been 
obtained,  warm  the  solution  again  and  add  anotiier  drop.  If  the 
color  remains  of  the  same  intensity,  the  titration  is  ended  ;  but  if 
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chloric  acid,  and  then  determining  the  sulphuric  acid  eet  free  a«   i 
barium  sulphate.     A  still  better  method  is  the  following  suggested 
by  Salkowski  : 

200  c.  c.  of  urine  are  precipitated  by  an  equal  volume  oF  a 
barium  Bolutioo  which  cddbisIs  of  S  vols,  barium  hydrate  and  1  vol, 
barium-chloride  eolution,  both  saturated  at  the  ordiuary  temper- 
ature. Filter  through  a  dry  filter,  measure  off  100  c.  c.  of  tbe 
filtrate  which  contains  only  the  ethereal  sulphuric  acid,  treat  with 
10  c.  c.  hydrochloric  acid  of  a  specific  gravity  1.12,  boil  for  fifteen 
minutes,  aud  then  warm  on  the  water-bath  until  tlie  precipitate 
haa  completely  settled  aud  the  supernatant  liquid  Js  entirely  clear. 
Wash  with  warm  water  and  with  alcohol  and  ether  and  proceed 
according  to  the  generally-prescribed  method.  The  difference 
between  the  ethereal  sulphuric  acid  found  and  the  total  quantity 
of  sulphuric  acid  as  determined  in  a  special  portion  of  urine  is 
considered  as  the  quantity  of  sulphate-sulphuric  acid. 

Jfitrata  occur  In  small  quaiitfiies  in  bumau  urine  (ScnnHiiBiN),  and  thej 
probably  originala  Iiom  tlio  drinkLD^-waier  and  llic  food.  According  to 
Wbti.  nod  Cltrun,  ibo  qtiauliiy  of  nitrates  la  smallest  witb  a  meat  diet  aud 
greatest  with  vegelabk  [ood.  "nic  avornge  amount  is  about  43.5  luiUigraQintes 
per  litre. 

Potassinm  and  Sodium.  The  quantity  of  those  bodies  eliminated 
by  tho  urine  by  a  healthy  full-gro^7n  person  on  a  mixed  diet  is, 
according  to  Salkowski,  3-4  grms.  K,0  and  5-7.5  grms.  Na,0. 
The  proportion  of  K  to  Na  is  ordinarily  as  3  :  5.  The  amount 
depends  above  all  upon  the  food.  In  starvation  the  urine  may 
become  richer  in  potassium  than  in  sodium,  which  results  from 
the  lack  of  common  ailt  and  tbe  destruction  of  tissue  rich  in  po- 
tassium. The  quantity  of  potassium  may  be  relatively  increased 
during  fever,  while  after  the  crisis  the  reverse  is  the  case. 

Tho  quantitative  estimation  of  these  bodies  is  performed  by  the 
gravimetric  methods  as  described  in  analytical  works. 

Ammonia.  Some  ammonia  is  habitually  found  in  human  nrine 
and  In  that  of  carnivora.  This  ammonia  may  represent,  as  above 
stated  (page  338),  on  the  formation  of  urea  from  ammonia,  the 
small  amount  of  ammonia  which,  becauso  of  the  excess  of  acids 
formed  by  tbe  combustion,  as  compared  to  the  fixed  alkalies,  is 
united  with  such  acids  and  In  this  way  excluded  from  the  synthesis 
to  urea.  These  views  arc  confirmed  by  the  observations  of  Co- 
RANDA,  who  found  that  the  elimination  of  ammonia  was  smaller  on 
a  vegetable  diet  and  larger  on  a  rich  meat  diet  than  when  on  a 


: 


884  PRTSIOLOQICAL  CBEXJSTBT. 

miied  diet.  On  a  mised  diet  the  aTerage  amount  of  ammonia 
eliminated  by  the  urine  is  abont  O.T  grm.  NH,  per  twentT-foar 
honra  (NErBACEB). 

The  quantity  of  ammonia  in  haman  orine  and  that  of  caraivora 
a  increased  by  the  introduction  of  mineral  salts  and  also  in  diseojies 
in  which  an  increased  formation  of  acid  takes  piaue  dne  to  an  in- 
creased metabolism  of  proteids.  This  is  the  cage  io  fevers  and 
diabetes.  In  the  liiaUmentioned  disease  an  organic  acid,  yS-oiybn- 
tyric  acid,  is  produced  (Miskowski,  Kl'lz,  Stadelmaxji)  which 
passes  into  the  urine  combined  with  ammonia.  Id  diseases  of  the 
liver,  as  in  acute  yellow  atrophy  and  interstitial  hepatitis  (Haller- 
TOSDEK,  Stadeluakx),  the  formation  of  urea  may  decrease  and 
the  elimination  of  ammonia  increase.  In  these  cases  the  propor- 
tion of  NH, :  Ur,  which,  according  to  Stadelmank,  is  normally 
2.S  :  100,  may  be  changed.  The  same  may  also  be  observed  in 
acute  phoBpfaorus-poisoning.  In  such  a  case  K.  MoRNfiB  fonnd 
the  relatiou  5.3  :  100. 


The  detection  and  quantitative  estimation  of  i 
formed  according  to  the  method  suggested  by  Schlosing.     The 
principle  of  this  method  is  that  the  ammonia  from  a  measured 
"mount  of  urine  is  set  free  by  lime-water  in  a  closed  vessel  and 
N 
wbed  by  a  measured  amount  of  r^  sulphuric  acid.     After  the 

ttption  of  the  ammonia  the  quantity  is  determined  by  titrating 
the  remaining  free  sulphuric  acid  with  a  j^  caustic  alkalL  This 
method  gives  low  results,  and  in  exact  work  we  must  proceed  as 
BUggeetedby  BoHLAND  (PpLijaER'a  Archiv,  vol  43.  page32).  Other 
methods  have  been  suggested  by  Schmiedkbebb  and  by  Lat8CHbh- 
BEBOBB. 

Calcinm  and  magneriuni  occur  in  the  urine  for  the  most  part  as 
oaphatea.  The  quantity  of  earthy  phosphfttea  eliminated  daily 
tmewhat  more  than  1  gr..  and  of  this  amount  \  is  magni-sium 
.  calcium  phosphate.  In  acid  urines  the  simple-  as  well  as  the 
Hwid  earthy  phosphates  are  found,  and  the  solubility  of  the 
ADong  which  the  calnium-salt,  CaHPO,,  is  especially  insol- 
im  particularly  augmented  by  the  pseaence  of  double-acid  al- 
WMphste  and  sodium  chloride  in  the  urine  (Ott).    The  quau- 
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tity  of  alkaline  earths  iu  the  uHdc  depends  on  the  composition  < 
the  food.     Nothing  is  knowu  with  positivenesB  in  regard  to  the  c 
stant  and  regular  change  ia  the  elimination  of  these  Bubatances  tnl 
disease. 

The  quantity  of  calcium  and  magnesium  is  determined  accord*^ 
ing  to  the  ordinary  well-known  methods. 

/ran  occurs  iu  the  urine  only  ia  small  nmounU,  aud,  as  tt  lee 
Bnlt.  but  HH  an  orgaulc  combluslioD— part  perhaps  ft»  pigment  oi  „    . 

(KuincEL,  OiAOOSA)  ana  part  ia  olher  forms.  Accoming  U>  MAOKiEit,  tbe 
quantity  of  irou  in  1  Hire  ol  uiioe  is  S-11  milligrms.  Acconlinff  lo  Gottlikb, 
tbc  elimiuatlon  of  imn  by  tbe  liealtby  human  urine  amounts  lo  3.69  milll^niu. 
per  day.  Iron-sails  introduced  inio  (he  intestine  do  not  pass  into  the  unne  at 
all,  or  only  in  very  small  amoimts.  Tbe  quantity  of  tiiieie  acid,  according  lo 
tbe  ordinary  staMmcnts,  amounts  to  about  O.OtI  p.  m.  Tncea  of  hydrogaa  ptr- 
oeidt  also  occur  in  the  urtnc. 

The  gases  of  the  urine  are  carbon  dioxide,  nitrogen,  and  traces 
of  oxygen.  The  quantity  of  nitrogen  is  not  quite  I  vol.  per  cent. 
The  cjtrbon  dioxide  varies  considerably.  In  acid  urines  it  is  hardly 
one  half  as  great  as  iu  neutral  or  alkaline  urines. 


IV.  The  Amount  and  Quantitative  Composition  of  Urine. 

A  direct  participation  of  the  kidney  substance  in  the  formation 
of  the  urinary  constituenta  is  proved  at  least  for  hippurifi  acid.  It 
is  hardly  to  be  doubted  that  the  kidneys  as  well  as  the  tissues  gen- 
erally have  a  certain  part  to  play  in  the  formation  of  other  urinary 
constituents,  but  their  chief  task  consists  in  separating  and  remov- 
ing urinary  constituents  dissolved  in  the  blootl  which  have  been 
taken  up  by  it  from  other  organs  and  tissues. 

It  has  been  shown  by  the  experiments  of  numerous  investiga- 
tors, Hbidenhais,  v.  WimcH,  Nussbaum,  Neissbr,  TJstimo- 
W1T8CH,  J.  MuKK,  and  others,  that  the  elimination  of  water  and 
the  remaining  urinary  constituents  is  not  alone  produced  by  simple 
diSusion  and  filtration.  It  is  generally  conceded  that  the  processea 
of  urinary  secretion  depend  essentially  upon  a  specific  activity  of 
the  cells  of  the  epithelium  of  the  urinary  passages,  bosides  which 
also  processes  of  filtration  and  diffusion  take  part.  The  process  of 
the  secretion  of  urine  in  man  and  the  higher  animals  is  generally 
considered  to  proceed  chiefly  as  follows:  The  water  together  with 
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during  the  night  between  2-4  o'clock;  the  maximum,  in  the  first 
hours  after  awakening  and  from  1-3  hours  after  a,  meal. 

The  quantity  of  aolida  secreted  in  the  course  of  24  hours  la   , 
rather  constant  even  though  the  quantity  of  urine  may  vary,  and  ] 
it  is  more  constant  when  the  manner  of  living  is  regular.     There-  ' 
fore  the  percentage  of  aolida  in  the  urine  is  naturally  in  an  inverse 
proportion  to  the  quantity   of  urine.     The  average  ([uantlty  of 
solids  per  24  hours  is  calculated  as  60  grms.     The  quantity  may  be 
calculated   with  approximate  accuracy  by  means  of   the  specific 
gravity,  if  the  second  and  third  decimals  of  the  specific  gravity  be 
multiplied  by  Haser's  coefficient   2,33.     The   product  gives  the 
amount  of  solids   in  1000  c.c  of   urine,   and  if  the  quantity  of 
nrine  eliminated  in   the  34  hours  be  measured,  the  quantity  of 
solids  in  the  34  hours   may   be  easily  calculated.     For  example, 
1050  c.c.  of  urine  of  a  ap.  gr.  1.021  was  eliminated  iu  the  24  hoars; 
therefore   the   quantity  of  solids  eliminated  is  21  x  2.33  =  48.9, 

and  — -      j^ — -  =  51.35  grms.     The  urine  in  this  case  contained 

48.9  p.  m.  aolida  and  51.35  grms.  in  the  daily  secretion, 

Thoae  bodies  which,  under  physiological  conditiona,  aSeot  tha 
density  of  the  urine  are  common  salt  and  urea.  The  specific  gravity 
of  the  first  is  3.15  and  the  last  only  1.32,  so  it  is  easy  to  understand, 
when  the  relative  proportion  of  these  two  bodies  essentially  de- 
viates from  the  uormal,  why  the  above  calculation  from  the  specific 
gravity  is  not  esact.  The  same  is  the  case  when  a  urine  poor  ia 
a  normal  constituent  contains  large  amounts  of  foreign  bodies,  suoli  1 
as  albumin  or  sugar. 

As  above  stated,  the  percentage  of  solids  in  the  urine  generally 
decreases  with  a  greater  elimination,  and  an  abundant  secretion 
{polr/uria)  hits  therefore,  as  a  rule,  a  lower  specific  gravity.  Ati 
important  exception  to  this  rule  is  observed  in  urine  containing 
sugar  {tliabeles  mellitus),  in  which  there  is  a  very  abundant  secre- 
tion of  a  very  high  specific  gravity  due  to  the  sugar.  Iu  cases 
where  very  little  urine  is  secreted  (oliguria),  as  when  the  perspira- 
tion is  profuse,  in  diurrhiKa,  and  in  fevers,  the  specific  gravity  is  a 
a  rule  high,  the  percentage  of  solids  high,  and  the  color  dark.  ] 
Sometimes,  as,  for  example,  in  certain  cases  of  albuminuria. 
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rcTerse  of  the  above  may  be  observed  even  though  the  arine  has  & 
low  specific  gravity,  a  pale  color,  and  is  poor  in  eolids. 

It  IB  difBcult  to  give  a  tabular  view  of  the  compoaition  of  urine, 
on  account  of  its  variation.  For  certain  purposes  the  following 
table  may  be  of  some  value,  but  it  must  not  be  overlooked  that  the 
results  are  not  given  for  1000  parts  of  urine,  but  only  approximate 
figures  for  the  amounts  of  the  most  important  constituents  which  I 
are  eliminated  in  the  course  of  34  hours  in  a  quantity  of  1500  c.c. 

Daily  amount  of 
Orgniilc  conatUuents =  35  grms. 


Q  grms. 


BOlids  = 
luorKBiiic  cuDBlituenU..  =39    gmiL  1 
Sodium  chloride  (NaCl).  1S.0    -      ' 
Sulphuric  ncid  (H,80,).    2.5 
Pboaphoric  acid  (P,0,)..    3.5 

PoLasU(K,0) 8.8 

AmmoniB(NH,) a? 

Magoesia  (MgO] O.S 

Lioie(CaOj 0.8 

Itemaiuiug  inorg.  bodies    O.S 

Urine  ooutains  on  an  average  40  p.  m.  solids.     The  amount  of  V 
urea  ia  about  20  p,  m.  and  common  salt  about  10  p.  m. 


Uric  acid. 0.7 

Creatiuio 1.0 

Hlppuric  acid 0.7 

RfiDHiaiiig  organic  bodies  2.8 


V.  Casual  Urinary  Constituents. 

The  casual  appearance  in  the  nrine  ot  medicines  or  of  urinaiy'3 
constituents  resulting  from  the  introduction  of  foreign  BubstaQcefl-l 
into  the  organism  is  of  practical  importance,  becuuse  such  couati^  J 
uents   may   interfere   in  certain  urinary   investigations  and   also-l 
because  they  afford  a  good  means  of  determining  whether  certain  ] 
substances  have  been  introduced  into  the  org-.vnism  or  not.    Fro 
this  point  of  view  a   few  ot  these  bodies  will  be  spoken  of  in 
following  section  (on  the  pathological  nrinary  constituents).     Tha  J 
presence  of  these  foreign  bodies  in  the  urine  is  of  special  interest 
in  those  cases  in  which  they  serve  to  elucidate  the  chemical  trans- 
formations certain  substances  undergo  within  the  body.     As  inor- 
ganic substances  generally  leave  the  body  unchanged,  they  are  of 
very  little  interest  from  this  standpoint,  but  the  changes  which 
certain  organic  substances  undergo  may  be  studied  by  this  mi 
so  far  as  tiiese  transformations  are  sliown  by  the  urine. 

The  bodies  belonging  to  the  fatty  seriei,  though  not  without  j 
szceplions,  fall  mostly  into  a  combustion  leading  towards  the  end* 
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prodacta  of  the  exchange  of  material;  still,  often  a  smaller  oi 
greater  part  of  the  body  iu  question  withdraws  itself  from  oxidation 
and  appears  unchanged  in  the  urine.  A  part  of  the  organic  acida, 
which  are  otherwise  burnt  into  water  and  carbonates  and  render 
the  urine  neutral  or  ulkuliue  aot  in  this  way.  The  volatile  fatly 
acids  poor  in  carbon  are  less  easily  burnt  than  those  rich  in  carbon, 
and  they  therefore  pass  in  large  amounts  unchanged  into  the  urine. 
This  is  especially  true  of  (ormic  and  acetic  acida  (Schotten, 
Grehant  and  QuiNqUAND).  Oxalic  acid  jwisaes  completely  or 
almost  completely  unchanged  into  the  nrine  (Uaolio). 

The  acid  amides  appear  not  to  be  changed  in  the  body 
(ScHULTzEX  and  Nencki).  A  small  part  of  the  amido-acida  aeem 
indeed  to  be  eliminated  unchanged,  but  otherwise  they  are,  as  stated 
above  (page  338)  for  leucin,  glycocoU  and  aspartic  acid,  decomposed 
within  the  body,  and  they  may  therefore  cause  an  increased  elimi- 
nation of  urea.  Sarcoain  (metbylglycocoll),  NH{CH3).CU,.C00H , 
also  perhaps  passes  in  small  part  into  the  corresponding  uramido- 
acid,  methylhyda}iloimc  acid,  NHrCO.N(CHj).CH,.COOH.  Also 
taurin,  am  id  o-ethylsul  phonic  acid,  which  aots  somewhat  differently 
iu  different  animals  (Salkowski),  passes  in  human  beings,  at  least 
in  part,  into  the  corresponding  uramido-aoid,  taurocarhavtinic  acid, 
NH..CO.NH.C,H..SO,.OU.  A  part  of  the  taurin  appears  aa  such 
in  the  urine.  In  rabbits,  when  taurin  is  introduced  into  the 
stomach,  nearly  all  its  sulphur  appearsiu  the  urine  aa  sulphuric  and 
aulphtiroua  acids.  After  subcutaneous  injection  the  taurin  appears 
again  in  great  part  unchanged  in  the  urine. 

CVeaMVi  passes,  at  least  in  part,  intocreatinin.  Apart  may  perhaps 
appear  as  urea  (see  page  357).     Itypoxanthin  passes  into  uric  acid. 

A  coupling  with  glycocoU  may  also  occur.  Furfurol  or  the 
anhydride  of  pyromucic  acid,  OjH.O,,  passes  to  a  great  extent 
conpled  with  glycocoU  as  pyromucuric  acid,  CyHiNiO,  into  the  urine 
of  rabbits  and  dogs  and  to  a  less  extent  as  furfuracrylic  acid 
coupled  with  glycocoU  aa/Mr/uriwry/Mnc  acid,  C,H,N,0  (JaffS 
and  Cohn).  In  birds  (hens)  this  condition  is  different.  In  these 
animals  furfnrol  gives  pyromucic  acid  and  a  coupled  acid, 
pyronnicinornilhuric  acid,  CisH„N,0, .  which  decomposes  on  warm- 
ing with  concentrated  hydrochloric  acid  into  pyromucic  acid  antl 
ontilhin,  OjHuNiO,  (Jaffe  and  Cohn). 
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Coupling  with  glucuronic  acid  occnrs  in  certain  Bubstituted 
alcohols,  aldehydes  and  ketoaes  (?),  which  probably  first  pass  over 
into  alcohol  (SuNDViK).  Chloral  hydrate,  C,CliOH+H,0,  passes, 
after  it  has  been  converted  into  trichlorethyl -alcohol  by  a  redac- 
tion, into  a  IfETo-gyrate  reducible  acid,  urochloralic  acid  or 
trichlorethyl-glycurouic  acid,  C,C1,H,.C«H,0,  (MuscuLCS  and 
T.  Meeinq).  Trichlorbutyl-alcohol  and  butyl-chloral  hydrate  also 
pass  into  trichlorbutgl-glycuronic  acid.  Tertiary  aviyl-  and  butyl- 
alcoliol  also  undergo  (in  rabbits  bat  not  in  man)  a  coupling  with 
glycurouic  acid.  In  animals  which  have  starved  until  the  glycogen 
has  disappeared  from  the  muBcles  and  liver  and  which  are  given 
chloral  hydrate  or  dimethyl  carbinol,  coupled  glycuronic  acidg 
appear  in  the  urine  (Thiekfeldeb).  On  account  of  these  facts  the 
albuminous  bodies  are  congidered  the  origin  of  the  glycuronic 
acid.  It  may  perhaps  originate  from  such  bodies  as  the  proteids 
whii.'h  are  found  widely  diffused  in  the  body  and  from  which 
carbohydrates  or  near-related  acids  may  be  split. 

The  aromatic  combinations  pass  as  a  rule,  so  far  as  we  know, 
into  the  urine  after  &  previous  partial  oxidation  or  after  a  synthesis 
with  other  bodies.  The  question  whether  the  benzol  ring  ia 
destroyed  in  the  body  is  still  undecided,  but  at  least  in  certain 
esses  such  a  destruction  ia  very  probable. 

The  fact  that  benzol  may  be  oxidized  outside  of  the  body  into 
carbon  dioxide,  oxalic  acid,  and  volatile  fatty  acids  has  been  known 
for  a  long  time,  and  we  may  refer  the  reader  to  the  investigations 
of  Drechsel,  mentioned  in  the  first  chapter,  in  which  this 
experimenter  obtained,  by  the  electrolysis  of  phenol,  normal  caproic 
acid  and  afterward  substances  in  which  the  amount  of  carbon 
decreased  constantly  nntil  he  obtained  the  end-products  of  the 
exchange  of  material.  As  in  these  experiments  a  splitting  of  the 
benzol  ring  must  take  place  before  the  formation  of  the  body  of 
the  fatty  series,  also  wlion  aromatic  bodies  are  burnt  in  the  animal 
body,  we  must  admit  that  first  a  ruptare  of  the  benzol  ring  takes 
place  with  the  formation  of  fatty  bodies.  If  this  does  not  take 
place,  then  the  benzol  nucleus  is  eliminated  with  the  urine  as  an 
aromatic  combination  of  one  kind  or  another.  As  the  difficultly- 
bnmt  benzol  nucleus  can  protect  from  destruction  a  substance 
belonging  to  the  fatty  series  and  coupled  with  it,  which  is  the  case 
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with  the  giycocoU  of  hipimric  acid,  it  seomB  also  that  the  aromatial 
nucleus  itsnlf  may  be  protected  from  destruction  in  the  organising 
bj  syntheses  with  other  bodies.     The  aromntio  ethereal  sulphurio 
aoide  are  eiampios  of  this  kind. 

The  difficulty  in  deciding  whether  the  benzol  ring  itself  ie 
destroyed  in  the  body  lies  in  the  fact  that  we  do  not  know  all  the 
different  aromatic  trausformatiou  products  which  may  be  pro- 
duced by  the  introduction  of  any  aromatic  substance  in  the 
organism  and  which  we  must  seek  for  in  the  urine.  On  this 
account  it  ia  also  impossible  to  learn  by  exact  qnanlitativB  eatima- 
tioDB  whether  or  not  an  aromatic  substance  introduced  or  absorbed 
appears  again  in  its  entirety  in  the  urine.  Certain  observations 
render  it  probable  that  the  beniol  ring,  as  above  mentioned,  is  at 
least  in  certain  cases  destroyed  in  the  body.  Schottes  and  Bau- 
UASK  have  found  that  certain  amido-acids,  such  as  Ij/rosin, 
phenylamido-propionic  acid  anH  amiilo-dnnatinc  oci'/,  when  intro- 
duced into  the  body  cause  no  increase  in  the  quantity  of  known 
aromatic  substances  in  the  nrine;  this  makes  a  destruction  of  these 
amido-acids  in  the  animal  body  seem  probable.  Juvalta  also  i 
made  an  experiment  on  do^  with  phlhalic  acid  and  found  | 
that  57.5-68.76i(  of  the  acid  introduced  into  the  body  disappeared, 
or  more  correctly  was  not  found  again.  According  to  Juvalta, 
this  acid  does  not  undergo  any  synthesiB,  nor  does  it  yield  any 
aromatic  transformation  products;  and  if  this  supposition  be  correct, 
we  have  here  a  proof  of  the  destruction  of  tho  benzol  nucleus  of  a 
part  of  the  phthalic  acid  introduced  into  the  organism  of  the  dor. 

An  oxidaliun  in  tJio  side  chain  of  aromatic  compounds  ia  often 
found  and  may  also  occur  in  the  nucleus  itself.  As  an  example, 
benzol  is  first  oxidized  to  oxybenzol  {Schl'ltzbn  and  Navsyh), 
and  this  is  then  in  part  converted  into  dyoxybf-nzoh  (Bacmann  and 
Pbeusbe).  Xaphikalin  appears  to  be  converted  into  OTi/naphthabn 
and  probably  a  part  also  into  dio3:ynaphthttKn  (Leskik  and  M. 
Nknoki).  Anilin,  C,Us.Nn,,  passes  into  paramidophenol.  which 
passes  into  the  urine  as  ethereal  sulphurio  acid,  H|N.CaII,.O.SO,.OII 

(F.   MCLLER). 

If  the  aromatic  substance  has  a  side  chain  belonging  to  the  fatty 
Bories,  this  last  is  generally  oxidized.  For  example, /o/tto/,  C,H,.CH, 
(ScHULTZEN  and  Naunyn),  etkyl-beiizo!,  C,H^C,H(,  and  propyl- 
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bemol,  C,K,.C,n;  (Nescki  and  Giacosa),  al^o  many  other  bodies 
are  oxidized  into  beuaoic  acid.  If  the  side  chain  has  several  mem- 
bers, the  behavior  U  somewhat  different.  Phenyl-acelic  acid,  C,H». 
CH^COOU,  in  which  only  one  carbon  atom  exists  between  the 
benaol  nncleaa  and  the  carboxjl,  is  not  oxidized,  but  is  eliminated 
after  coupling  with  gl3'cocoll  as  pftenacelHric  acid  (Salkowski). 
Phenyl-propionic  acid,  C.Hi.CHpCH,.  COOH,  with  two  carbon  atoms 
between  the  benzol  nucleus  and  the  carboiyl  is,  on  the  contrary, 
oxidized  into  benzoic  acid.  Aromatic  amido-acids  with  three  car- 
bon atoms  in  the  aide  chain,  and  where  the  NH,  group  is  bound  to 
the  middle  one,  aa  in  tyrosin,  a-oxyphenylamido-propionic  acid, 
C.Hi(OH).CH^CH(NU,).COOH,  and  'a-phenylamido-propiomc  acid, 
C,HtCH,.CH(NH,).COOH,  seem  to  be  in  great  part  burnt  withiD 
the  body  (Schotten  and  Badmann).  Phtnylamidthacetic  acid, 
which  has  only  two  carbon  atoms  in  the  side  chain,  C,H(.CH(NHJ. 
COOH,  acts  otherwise,  passing  into  mandelic  acid,  phenyl-glycolic 
acid,  C,Hs.CHiOH).COOH  (Schotten). 

If  several  side  chains  are  present  in  the  benzol  nucleus,  then 
only  one  is  always  oxidized  into  carboiyl.  Thus  xylol,  04U,(CH,),, 
is  oxidized  iiito  toluic  acid,  C»H,(CH,)COOH  (Schultzkn  and 
Nauntn),  megtiylen,  C,Hs{CH,), ,  into  nusityhnir acid,  C,F,(C^V 
COOH  (L.  Nen'cki),  and  cymol  into  cumic  acid  (M.  Nenco  and 
Zibgleb). 

Syntheses  of  aromatic  substances  with  other  atomic  groups 
occur  frequently.  To  these  syntheses  belongs,  in  the  first  rank, 
the  coupling  of  benzoic  acid  with  glycocoll  to  form  htppurio 
acid,  first  discovered  by  Wohleb.  All  the  numerous  aromatic  sub- 
stances which  are  converted  into  benzoic  acid  in  the  body  are 
voided  as  hippnric  acid.  This  statement  is  not  true  for  all  classes 
of  animals.  According  to  the  observations  of  Jappe,  benzoic  acid 
I  not  pa«  into  hippnric  acid  in  birds,  but  into  another  more 
c  acid,  C|,TT»N,0,.  This  acid  yields  as 
leazoic  acid,  a  basic  body,  ornithin  (see 
jrlic  acid  passes  partly  into  sali- 
beiiMtc  acids  form  pairs  with 
0  acid,  but  also  with  the  above- 
;,  cutnic,  and  phenyl-acetic  acid. 
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These  acids  are  voided  as  tolurir,  mtaitylennric,  cuminurtc,  and 
pheitaceiaric  acid. 

Another  ayntheBia  of  aromatic  substaiiceB  is  tliat  of  the  ethereal 
enlphuric  acida.  Pkeml  and  chiefly  the  hydrosylated  aromatio 
hydrocarbons  are  voided  as  ethereal  sulphuric  acids,  according  to 
Bauuahn,  Hbrter.  and  others. 

A  pairing  of  aromiitlc  substances  with  glycnronio  acid,  which 
last  is  protuctod  from  burning,  occurs  ratlier  often.  Camphor, 
C,jHiiO,  when  given  to  a  dog,  is  first  converted  by  oxidation  into 
camphorol,  C,oHi,(OH)0,  and  by  coupling  with  glycuronic  acid, 
campho-glycuronic  acid  is  produced  (Schmiedebekg).  Borneol 
and  menthol  give  directly,  with  the  elimination  of  water,  the  corre- 
sponding glycnronio  acids  (Pellacani).  Phenol  may  also  be 
partly  voided  directly  as  a  coupled  glycuronic  acid  (Schuiedebbrg). 
Naphthol  appears  in  great  part  to  pasa  into  the  urine  as  coupled 
glycuronic  acids  (Lesnik  and  M.  Nencki).  Orthonitrotoluol  in 
dogs  passes  first  into  or th on  itrobenzyl -alcohol  and  then  into  a 
coupled  glycnronio  acid  (Jaffe).  Indol  (ScHUtEDEBBBo)  and 
ekaiol  (Mester)  seem,  as  above  mentioned,  to  be  partly  voided 
by  the  urine  us  coupled  glycuronic  acids.  The  same  is  true  also 
for  many  other  aromatic  substances. 

A  synthesis  iu  which  a  comiioiind  containing  snlplinr,  werra;)- 
iiiric  arid,  occurs  is  produced  by  the  introduction  of  chlorine  or 
bromine  derivatives  of  benzol  into  the  organism  of  dogs  (Bal'Uask 
and  PRErsBE,  Jaffe).  Ohlorhevzol  combines  with  cystein,  a  body 
which  seems  to  be  a  decomposition  product  of  the  albumins,  and 
which  is  nearly  related  to  cystin  (see  below),  forming  chhr- 
phenylr)i«rcapturic  add,  CuHuClSNO,,  On  boiling  with  a  mineral 
acid  this  compound  is  decomposed  into  acetic  acid  and  chlorphenyl- 
cystein.  C.II.Cl.  C,H.NSO,. 

Pyridin,  CsIT,N.  which  does  not  combine  either  with  glycnronio 
acid  or  with  sulphuric  acid  after  previous  oxidation,  shows  a  special  I 
behavior.  It  takes  up  a  methyl  jiroup  and  forms  an  ammonium  I 
combination,  meihylpi/ridyl-amvwniwn  hydroxyl  (His),  SevenJ  I 
alkaloids,  such  as  quinin,  morphtn,  and  ftrychnin,  may  pass  into  I 
the  urine.  After  taking  turpentine,  balsam  of  copaivtt,a,xi&  re»in»  A 
these  may  pass  into  the  nrine  as  resin  acids  (Malt).  DiflerentT 
kinds  of  coloring  matters,  such  as  alizarin,  crympbanic  acid,  attwfl 
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tlie  ase  of  rhubarb  or  aenna,  and  the  coloring  matter  of  the  Mul- 
berry, may  paaa  into  the  urine.  After  taking  rhubarb,  senrta  or 
santutttn  the  urine  takes  a  yellow  or  green  i  all -yellow  color,  which  is 
transformed  into  a  beautiful  red  color  by  the  addition  of  alkali. 
Phenol  produces,  as  above  mentioned,  a.  dark-brown  or  dark-green 
color  which  depends  mainly  on  the  decomposition  products  of 
hydrochinon  or  huniin  substances  (v.  Udhanszky).  After  the  nee 
of  naphlhalin  the  urine  has  a  dark  color,  and  several  other  medi- 
cines produce  a  special  coloration.  Thus  pniViM  gives  often  a  yel- 
lowish-green hno,  or  the  urine  darkens  when  exposed  to  the  air; 
thallin  gives  a  greenish-brown  color  which  is  marked  green  in  thin 
layers,  and  antipyrin  gives  a  yellow  to  blood-red.  After  the  admin- 
istration of  haUavi  of  copaiva  the  urine  becomes,  when  strongly 
acidified  with  hydrochloric  acid,  gradually  rose  and  purple-red 
(Quincke).  After  the  use  of  naphthalin  or  naphthol  the  urine  _ 
gives  with  concentrated  sulphuric  acid  (1  e.  c.  concentrated  i 
and  a  few  drops  of  urine)  a  beautiful  emerald-green  color  (Peit^ 
zoldt),  which  is  probably  duo  to  naphthol-glycnronio  acid.  OdoM 
iforous  bodies  also  pass  into  the  urine.  After  eating  asparagus  tliftii 
urine  acquires  a  sickly  disagreeable  odor.  After  taking  turpentinfti^ 
the  urine  may  have  a  peculiar  odor  similar  to  that  of  violets. 

VI.    Pathological  Constituents  of  Urine. 

Albumin.     The  appearance  of  slight  traces  of  albumin  in  the 
urine  of  apparently  healthy  persons  has  been  observed  in  many 
cases  by  several  investigators  (Lecbe,  Hopmeister,  Posner,  and 
others),  but  still  we  must  not  conceal  the  fact  that  other  inveatigi^  J 
tors  consider  these  traces  of  albumin  a^  the  first  symptoms,  thonglu 
very  mild,  of  a  diseased  condition  of  the  urinary  apparatus,  or  as  afl 
symptom  of  a  transitory  disturbance  in  the  circulation.   Frequently  j 
traces  are  found  in  the  urine  of  n  substance  similar  to  nucleoalbn- 
min  which  can  easily  be  mistaken  for  mucin  and  which  is  probably  ^ 
identical  with  nucleoalbnmin.     This  substance  has  been  isolated  I 
from  the  pupillary  part  of  the  kidneys  and  from  the  mucous  mem-  ■ 
brane  of  the  bladder  by  Lonnbero.     In  diseased  conditions  alba-  1 
min  occurs  in  the  urine  in  a  variety  of  cases.     The  albnminonB 
bodies    which  moat  often  occur  are   serum -globulin  and  serum- 
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albamin.  Albumoees  and  peptoneB  aleo  sometimes  occur.  The 
amount  of  albumin  in  the  uHne  is  in  most  cascB  lose  than  5  p,  m., 
rarely  10  p.  m.,  and  only  very  rarely  does  it  amonnt  to  50  p.  m.  or 

Among  the  many  reactions  proposed  for  the  detection  of  albu- 
min in  urine,  the  following  are  to  be  recommended  : 

The  Heat  Test.  Filter  the  urine  and  test  its  reaction.  An  acid 
urine  may,  as  a  rule,  be  boiled  without  further  treatment,  and  ouly 
in  especially  acid  urines  is  it  necessary  to  first  treat  with  a  little 
alkali.  An  alkaline  urine  is  made  neutral  or  faintly  acJd  before 
heating.  If  the  urine  is  poor  in  salts,  add  -^  vol.  of  a  saturated 
oommon-salt  solution  before  boiling;  then  heat  to  boiling  point, 
and  if  no  precipitation,  cloudiness,  or  opalescence  appears,  the 
urine  in  question  contains  no  coagulable  afbumin,  but  it  may  con- 
tain albumoses  or  peptones.  If  &  precipitate  is  produced  on  boil- 
ing, this  may  consist  of  albumiu,  or  of  earthy  phosphates,  or  of 
both.  The  uimple-acid  calcium  phosphate  decomposes  ou  boiling, 
and  normal  phosphate  may  separate  (Stokvis,  Salkowski,  Ott). 
The  proper  amount  of  acid  is  now  added  to  the  urine,  so  as  to  pre- 
vent any  mistake  caused  by  t!ie  presence  of  earthy  phoBphates,  and 
to  give  a  better  and  more  flocculent  precipitate  of  the  albumin.  If 
acetic  acid  is  used  for  this,  then  add  l-~-3  drops  of  a  25^  acid  to 
each  10  c.  c.  of  the  urine,  and  boil  after  the  addition  of  each  drop. 
On  using  nitric  acid,  add  1—2  drops  of  the  Zj%  acid  to  each  c.  c.  of 
the  boiling-hot  urine. 

On  using  acetic  acid,  when  the  amount  of  albumin  is  very  small, 
and  eBpecially  when  the  urine  was  originally  alkaline,  the  albumin 
may  sometimes  remain  in  solution  on  the  addition  of  the  above 
quantity  of  acetic  acid.     If,  on  the  contrary,  leas  acid  ia  added,  the 

firecipitate  of  calcium  phosphate,  which  forms  in  amphoteric  or 
aintly-aoid  urines,  is  liable  not  to  dissolve  completely,  and  this 
may  cause  it  to  be  mistaken  for  an  albumiu  precipitate.  If  nitric 
acid  is  used  for  the  beat  test,  the  fact  must  not  be  overlooked  that 
after  the  addition  of  only  a  little  acid  a  combination  between  it 
and  the  albumin  is  formed  which  is  soluble  while  boiling  and 
which  is  only  precipitated  by  an  excess  of  the  acid.  On  this  account 
the  large  amonnt  of  nitric  acid  as  suggested  above  must  bo  added, 
but  in  this  case  a  small  part  of  the  albumin  is  liable  to  bo  dissolved 
by  the  excess  of  the  nitric  acid.  When  the  acid  is  added  after  boil- 
ing, which  is  absolutely  necessary,  the  liability  of  a  mistake  is  not 
BO  great.  It  ia  on  these  grounds  that  the  heat  test,  although  it 
gives  very  good  results  iu  the  hands  of  experts,  is  not  recommended 
to  pbysicians  as  a  positive  test  for  albumin. 

A  confounding  with  mucin,  when  this  body  occurs  in  the  urine. 
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Eositive  as   Heller's  test.    The  albumoses  sre  also  precipitated 
y  this  reagent. 

Reaciion  with  Acetic  Acid  and  Potiusium  Ferrocyanide.  Treat 
tite  urioe  first  with  acetic  acid  of  about  2%  and  then  add  drop  by 
drop  a  potaHsium  ferrocyanide  solution  (1:20),  carefully  avoiding 
an  excess.  This  test  is  very  good,  and  iu  the  hands  of  experts  il 
is  even  more  delicate  than  Heller's.  In  the  presence  of  Tery 
small  amonntB  of  albumin  it  requires  more  practice  and  dexterity 
than  Heller's,  ae  the  relative  quantities  of  reagent  to  the  albumin 
act  on  the  result  of  the  test.  The  amount  of  salts  in  the  urine 
also  seems  to  have  an  influence.  This  reagent  ulso  precipitates 
albumoses. 

The  different  color  reactions  cannot  be  directly  used,  especially 
in  deep-colored  urines  which  only  contain  little  albumin.  The 
common  salt  of  the  urine  has  a  disturbing  action  on  Millon'3 
reagent.  To  prove  more  positively  the  presence  of  albumin,  the 
precipitate  obtained  in  the  boiling  test  may  be  filtered,  washed, 
and  tnen  tested  with  Millon's  reagent.  The  precipitate  may  also 
be  dissolved  in  dilute  alkali  and  the  biuret  test  applied  to  the  solu- 
tion. The  presence  of  albumoses  or  peptones  in  the  urine  is 
directly  tested  for  by  this  last-mentioned  test.  In  testing  tlie 
urine  for  albumin  onu  must  never  be  satisfied  with  one  test  aione, 
but  one  must  at  least  apply  the  heat  test  and  Heller's  test  or  the 
potassium-ferrocy snide  test.  In  using  the  heat  test  alone  the 
albumoses  may  l>e  easily  overlooked,  but  these  are  detected,  on  the 
contrary,  by  Keller's  test.  If  wo  are  sutisfled  with  tliis  last  test 
or  the  potassium- ferrocyanide  test  alone,  we  have  no  sufiicient  inti- 
mation of  the  kind  of  albumin  present,  whether  it  consists  of  albu- 
moses or  coagulable  albumin. 


i  mealioDed  ;  Pavt's  re- 
agent, which  consists  of  grantl  dUke  or  plates  of  cliHc  acid  aud  sodium  ferrocy- 
anide ;  Stuti'b  or  FirKBRUtoBR'a  gelatine  CHpsules.  which  contain  mercuric 
chloride,  sodium  cliloride,  uud  cilric  acid;  and  GRisaLKR'a  alburalu-test  pnpcrs, 
wliich  consist  of  strips  of  Blter-paper  whicli  have  biien  dipped  in  a.  s<ilullon 
of  citric  acid  and  also  mercuric  chloride  aud  potassium -iodide  solutioo  and 
then  dried. 

It  the  presence  of  albumin  has  been  positively  proved  in  the 
urine  by  the  above  tests,  it  then  remains  necessary  to  determine  the 
variety. 

The  detection  of  globulin  and  alhtimin.  In  detecting  serum- 
globulin  the  urine  is  exactly  neutralized,  filtered,  ar^d  treated  with 
magnesium  sulphate  in  substance  until  it  is  completely  saturated 
at  Uic  ordinary  temperature,  or  with  an  equal  volume  of  a  saturated 
neutral  solution  of  ammonium  sulphate.  In  both  oises  a  white, 
flocculent  precipitate  is  formed  in  the  presence  of  globulin.     In 
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cyanide  reaction  or  Hbli.er'b  leM,  Buch  a  urine  may  be  tested  directlr  \  if, 
on  tlie  contrary,  il  coDtaius  albumin,  thia  must  first  be  removed.  Tbia  is 
ordlaarily  done  accordiog  to  Hupubiktkb'h  method.  Al  leant  half  a  Hire  at 
the  urini;  ia  treated  nilli  au  exceaa  of  a  leud-KCutute  aolutioo.  or  wltb  onlj  a 
(luantity  autUcieut  lo  pitiduce  s  dense  Uocculent  pi'eclpitate  In  order  Ui  aeparate 
Bome  au-called  mucin  present  an  well  cm  a  ixtrl  of  tlio  albumin  and  coloring 
matters.  It  tlie  operation  lias  Xmaa  well  conducted,  the  filtrate,  wliicli  eivea  a 
precipitate  witli  more  lead-acslatc  solution.  Is  tested  for  albumin.  In  Ibe 
absence  of  tliis  it  is  directly  tested  for  peptone ;  but  if  albumin  b«  present,  it 
must  llrEt  be  removed  by  (Hilling  wltb  ferric -acetate  solution.  For  ILis  pur- 
pose treat  tiie  flitmte  with  a  concentrated  sodium -acetate  solution  (about'  10 
c.  c.  for  4  litre  urine)  and  then  wiili  ferric-chloride  solution  until  it  has  a 
blood-red  color,  Tbe  addreactiug  liquid  is  then  rendered  neutral  or  faintly 
acid  by  means  of  the  addition  of  alitali,  boiled  strongly,  and  filtered  oder 
cooling.  The  filtrate  should  be  free  from  albumin  :  but  if  thai  is  not  the  case, 
it  must  bo  repeatedly  treated  with  sodium  acetate  and  ferric  chloride.  It  the 
urine  to  be  tested  for  peptones  is  rather  rich  in  albumin  at  first,  the  albumin 
must  be  removed  as  far  as  possible  by  boiling  with  the  addition  of  acetic  acid 
before  it  Is  treated  with  lead-acetate  solution  as  above  described. 

A  small  portion  of  the  filtrate  entirely  free  from  albumin  is  taken,  made 
strongly  acid  with  acetic  acid  and  then  treated  with  on  acellc-ocid  solution  of 
phospho-Iungalic  acid.  It  the  lest  remains  clear  for  some  time,  the  urine  con- 
tains no  peptones ;  but  if  a  milky  cloudiness  occurs,  peptones  may  be  present 
and  the  filtrate  must  be  further  treated. 

For  this  purpose  add  Jn-iV  vol.  concentrated  hydrochloric  acid  and  then 
add  a  phospbo-tungstic  acid  solullon  treated  with  odd  as  long  as  a  precipitate 
is  producea.  This  is  quickly  filtered  and  treated  with  water  which  containa 
3-5$  concentrated  sulphuric  acid,  washed,  until  the  filtrate  is  colorless.  Tbe 
etill  moist  precipitate  Is  thoroughly  rubbed  with  an  exeesH  of  solid  barium 
hydrate,  some  water  added,  gently  warmed  for  a  lime,  and  filtered.  Tbe 
peptones  (and  secondary  albumoscs)  are  detected  !u  the  filtrate  by  applying 
tbe  previously-mentioned  reHciious.  Special  stress  must  be  laid  on  the  biuret 
reaction,  which  la  used  also  as  a  colorimetric  quantitative  test  for  peptones. 

In  detecting  pure  peptones  the  solution  must  l>e  saturated  with  ammonium 
sulphate  while  boiling,  and  filtered  al  tbe  same  temperature.  After  cooling 
remove  the  liquid  from  the  depoailcd  crystals,  dilute  strongly,  precipitate  tbe 
peptone  by  the  careful  addition  of  tannic  acid,  treat  the  precipitate  nitb  au 
excess  of  barium  hydrate,  and  use  the  filtmte  in  wblcb  the  excess  of  dissolved 
barium  hydrate  has  been  removed  by  CO.  for  tbe  biuret  Itst  Still  by  this 
procedure  the  peptones  may  be  contaminated  by  some  albumoses.  We  have 
no  very  exact  method  for  the  quantitative  estimation  of  aJbumose  or  peptones 
in  the  urine. 

Quantitative  Exlimalion  of  Albumin  in  Urine.  Of  ail  the 
methods  proposed  thus  far,  the  coahulation  mkthod  (boiling  with 
the  addition  of  acetic  acid)  wheu  performed  with  suCBcient  car« 
gives  the  best  reatilts.  Tho  averago  errors  need  never  amount  to 
more  than  O.Ol;*,  and  it  is  generally  smaller.  In  using  this  method 
it  is  best  to  first  find  how  much  acetic  acid  must  be  added  to  a 
small  portion  of  nrine,  which  has  been  previously  heiitwl  on  tbe 
water-bath,  to  completely  separate  the  albumin,  so  that  the  filtrate 
does  not  respond  to  Heller's  teat.  Then  coagulate  20-50-100 
c.  c.  of  tbe  urine.  Pour  the  nrine  into  a  beaker  and  heat  on  the 
water-bath, add  tbe  required  quantity  of  acetic  acid  slowly,  stirring 
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amoaiit  of  albumin  in  the  urine.  This  method  is  claimed  to  give 
very  good  reeulU.  A  special  deBcription  accompaniea  each  ap- 
paratus. 

Tbe  method  proposed  by  Rosebts  aod  Stolnieow  and  furtber  developed 
by  Bkanubeki),  tbuugh  sotiiewbat  more  difUcult  to  perform,  also  gives  sails. 
factory  results.  Tbe  density  metbods  of  LA.Ka,  Hcfpert.  uud  Zahor  nre 
alsu  very  Kood.  The  last  consists  in  determining  the  specific  gravity  before 
and  after  the  cou^lation  of  the  albumlua. 

Xnaln  occurs  tn  the  urine  under  normal  condltionB  partly  dissolved  and 
partly  Id  a  strongly- dislended,   finely-divided  stale.     It  appears  In  greatest 

amouDts  In  cutarrbal  afCeclious  of  the  urinary  pasBagea.    The  -* 

pure  mucin  in  tbo  urlue  has  thus  far  not  been  p(»Ilively  shown. 


To  delect  mucin  in  urine  first  dilute  with  waler,  partly  to  prevenl  thf  pre- 
cfpltalloD  of  uric  acid  on  the  subsequent  addition  of  acid,  and  partly  to 
dimiuiab  the  solubility  of  the  mucin  in  the  common  salt  of  Uie  urine.  Now 
add  an  excess  of  acetic  acid.  The  precipitate  formed  is  purified  by  dissolviug 
in  wuler  wilb  the  addition  of  a  lillle  alkali  and  reprecipilaled  with  acello  acid. 
Tbe  precipitate  Is  tested  niib  the  ordinary  mucin  reagents.  Tu  avoid  mistak- 
ing mucin  for  nucleoalbumin.  wbicli  la  similar  lo  uiiiclu,  tbe  precipitate  must 
be  lested  in  regard  lo  its  bebavior  on  boiling  wilh  dilute  mineral  acids.  If  no 
reducible  substance  is  formed  by  Ibis  Irealment,  it  coulains  no  mucin. 

Blood  and  Blood-ooloring  Hatters.  The  nriDe  mav  contaia 
blood  from  hemorrhage  in  the  kidneys  or  other  parts  of  the  urinary 
passages  (hematuria).  In  these  cases,  when  the  quantity  of  blood 
IS  not  very  small,  the  urine  is  more  or  less  cloudy  and  colored 
reddish,  yellowish  red,  dirty  red,  brownish  red,  or  dark  brown. 
In  recent  hemorrhages,  in  which  the  blood  haa  not  decomposed, 
the  color  is  nearer  blood-red.  Blood-corpnscles  may  be  Found  in 
the  sediment,  sometimes  also  blood -cylinders  and  emallor  or  larger 
blood -clots. 

In  certain  cases  the  nrine  contains  no  blood-corpascles,  bat  only 
dissolved  blood-coloring  matters,  htemoglobin,  or,  and  indeed  quite 
often,  met  htemoglobin  (h.emoolobincria).  The  blood-coloring 
matters  appear  in  the  urine  under  different  conditions,  as  in  dissolu- 
tion of  blood  in  poisoning  with  arseniuretted  hydrogen,  chlorates, 
etc.,  after  serions  bnrns,  after  transfusion  of  blood,  and  also  in  the 
periodic  appearance  of  hfemoglobinuria  with  fever.  The  urine  may 
in  hiemoglobinuria  also  have  an  abundant  grayish-bron-n  sediment 
rich  in  albumin  which  contains  the  remains  of  the  stromata  of 
the  red  blood-oorpnscles.  In  animals  hemoglobinuria  may  be 
produced  by  many  causes  which  force  free  hiemoglobin  into  the 
plasma. 

To  detect  blood  in  the  urine  we  make  use  of  the  microscope, 
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flpecti'oscope,  tlie  gtiaiacum  teat,  and  Heller's  or  Hellee- 
Teichuasn's  teat. 

Microscopic  Investigation.  The  blood-corpiiBcloB  may  remain 
nndisBolved  for  a  loug  time  in  acid  urine  ;  in  alkaline  urine,  ou  tlie 
contrary,  they  are  easily  changed  and  diBBolved,  They  often 
appear  entirely  unchanged  in  the  sediment ;  in  some  cases  they  are 
distended,  and  in  otliera  nnequally  pointed  or  jagged  like  a  thorn- 
apple.  In  hemorrhage  of  the  kidneys  a  cylindrical  clot  la  aome- 
iimes  found  in  the  sediment  whicJi  ia  covered  with  numerona  red 
blood -corpuscles,  forming  casts  of  the  urinary  passages.  These 
formations  are  called  BLood-cylindeus. 

The  spectroscopic  investigation  is  naturally  of  very  great  value; 
and  if  it  be  necessary  to  determine  not  only  tlie  presence  but  also 
the  kind  of  coloring  matter,  thia  method  is  indispensable.  In 
regard  to  the  optical  behavior  of  the  various  blood-coloring  matters 
we  must  refer  to  Chapter  IV. 

Almen's  Guaiticum  Test.  Mix  in  a  test-tube  equal  Tolumes  of 
tinctnre  of  guaiacnm  and  old  turpentine  which  has  become  strongly 
ozonized  by  the  action  of  air  under  the  influence  of  light  To  this 
mizture,  which  must  not  have  the  slightest  blue  color,  add  the  urine 
to  be  tested.  In  the  presence  of  blood  or  blood-coloring  matters, 
Srat  a  bluisb-green  and  then  a  beautiful  blue  ring  appears  where 
the  two  liquids  meet.  On  shaking  the  mixture  it  becomes  more  or 
leaa  blue.  Normal  urine  or  one  contnining  nlbumin  does  not  give 
thia  reaction.  For  the  reason  of  this  we  niust  refer  the  reader  to 
Chapter  IV,  page  71,  Urine  containing  pus,  although  no  blood  is 
present,  gives  a  blue  color  with  these  reagents  ;  but  in  this  case  the 
tincture  of  guaiacum  alone,  without  turpentine,  is  colored  blue  by 
the  urine  (Vitalli).  This  is  at  least  true  for  a  tincture  that  has 
been  exposed  for  some  time  to  the  action  of  air  and  sunlight. 
The  bine  color  produced  by  pua  differs  from  that  produced  by 
blood-coloring  matters  by  disappearing  on  heating  the  urine  to 
boiling.  A  urine  alkaline  by  decomposition  must  first  be  made 
faintly  acid  before  performing  the  reaction.  The  turpentine  should 
be  kept  exposed  to  sunlight,  while  the  tincture  of  guaiacnm  must  be 
kept  in  a  dark  glass  bottle.  These  reagents  to  be  of  use  must  be 
controlled  by  a  liquid  containing  blood.  Thia  test,  it  ia  true,  in 
positive  results  ie  not  absolutely  decisive,  because  otfaer  bodiea  may 
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give  n  blue  reactioD  ;  but  when  properly  performed  it  is  bo  eitremely 

delicate  that  when  it  gives  Degative  results  anj  other  teat  for  blood 
is  superfluous. 

Hellek.Teichmanw's  Test.  If  a  Deutrsl  or  faiiitly-acid  urine 
coutainiug  blood  is  heated  to  boiling,  we  always  obtain  a  mottled 
precipitate  consisting  of  albumin  and  b^matiu.  If  caustic  soda  is 
Kilded  to  the  boiling-hot  teist,  the  liquid  becomes  clear  and  turns 
green  when  examined  in  thin  layers  (due  to  hffitiiatin  alkali),  and 
a  red  precipitate,  appearing  green  by  refltoted  light,  re-forms 
which  consists  of  eartliy  phoupbates  and  hsmatin.  This  reaction  is 
called  Hbllkr's  blood-test.  If  this  precipitate  is  collected  after  a 
time  on  a  small  filter,  it  may  be  used  for  the  hEemin  tost  (see 
page  79).  •  If  the  precipitate  contains  only  a  little  blood-coloring 
matter  with  a  larger  quantity  of  earthy  phosphates,  then  wash  it 
with  dilute  acetic  acid,  which  dissolves  the  eartliy  phosphates,  and 
use  the  residue  for  the  prepanition  of  TEiCHMANU'a  hiemin 
crystals.  If,  on  the  contrary,  the  amount  of  phosphates  Is  very 
email,  then  first  add  a  little  CaCl,  solution  to  the  urine,  heat  to 
boiling, and  addsimultaneoualywitli  the  caustic  potash  some  sodium- 
phosnnate  solution.  In  the  presence  of  only  very  small  amountfl  of 
blood,  first  make  the  urine  very  faintly  alkaline  with  ammonia,  add 
tannic  acid,  acidify  with  acetic  acid,  and  use  the  precipitate  in  the 
preparation  of  the  hiemiu  crystals  (Stkitte). 

Xalknln.  Id  [he  preiieiicc  of  melannlic  cnncers  eonietiines  dnrk  coloring 
maltcTa  are  dimioaled  wjlU  ILe  iiriDe.  K.  Mohnbr  bos  iaolsled  twi>  coloring 
!.  of  which  one  was  soluble  Id  warm  HO-lSt  Bcelic 
s  insoluble.  The  one  seemed  to  be 
Iain  tLuj  melantn. 
ine  gives  Eisbi.t'9 

reftotlon,  becoming  dark-uolored  with  oxidizing  ngeols  auch  ua  cone,  nftric- 
Hcid,  potassium  blebromikte.  and  sulphuric  scid.  a«  well  as  with  free  sulphuric 
acid.  Uriae  contalnlD;:  melaola  or  meluuogeo  ds  colored  black  hy  ferric- 
chloride  solution  (Jaksch). 

Baumbtakk  found  in  a  case  of  leprosy  two  cliamcl eristic  coloring  mstters 
in  liie  urine.  "  urorubrohienuilin  "  nail  "  iirofiiiicohKmHtiD,"  which,  as  ihcir 
names  indicate,  seem  to  stand  in  close  relalionsliip  to  Ihe  I)  tood -coloring  iniitlers. 
Uivnitirohamatm.  CHtiStFetO,, ,  contains  iron  and  Bhows  afi  absorpiion- 
band  in  froDt  ol  D  and  one  briber  back  of  I>.  In  altuiline  solution  It  shows 
four  bands,  behlud  D.  at  B.  beyond  F.  and  behind  O.  It  is  not  soluble  either 
Id  water,  alcohol,  ether,  or  chloroform.  It  givea  a  beautiful  bronniah.red 
non-dicliroltic  liquid  with  nlkaliea.  Vroftueohamatin.  C.,H,..N,0,, .  which 
is  free  from  iroa  shows  no  cliarucieristlc  spectrum  ;  It  dissolves  in  alkalies,  pro- 
ducing ft  brown  color. 

DroroHln,  so  nnmed  by  Nencki.  is  a  urinary  coloring  mntter,  occurring  In 
various  diseases,  wlilch  appears  on  the  ncidificatloa  ot  Ihe  urine  with  a  mineral 
acid,  and  which  is  taken  up  by  shaking  witlinmyl-alcohol.  Tlie  scjlatloD  xbows 
an  absorption- land  1>etween  D  and  E  Uroarytkrin,  which  gives  a  rose-red 
color  to  the  urintirv  sediments especinlly  in  fevers,  seems  lo  occur  also  in  uriun 
under  physlologicul   coudilions.      It   baa   not  been  thoroughly  studied.     A 
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tion,  anii  evaporated  to  dryness.  The  dry  residue  is  extracted  with 
absolute  alcouol,  filtered,  aud  an  excess  of  ether  added.  The  amor- 
phous or,  after  a  longer  time,  crystalline  preoipitate  consisting  of 
alkali-aalts  of  the  biliary  acids  is  used  in  perforniiug  PtrrriDti- 
KOFEH'a  teat. 

Bile-ODloring  matters  occur  Iq  the  urine  in  diffcnnt  forms  of 
icterns.  A  urine  containing  bile-coloring  matters  is  always  abnor- 
mally colored — yellow,  yellowiflh  brown,  deep  brown,  greenisli  yellow, 
greenish  brown,  or  nearly  pure  green.  On  shaking  it  froths,  and 
the  bubbles  are  yellow  or  yellowish  green  in  color.  As  a  rule  icteric 
urine  is  somewhat  cloudy,anit  the  sediment  is  f requently, es]>eciatly 
when  it  contains  epithelium-cells,  rather  strongly  colored  by  the 
bile-coloring  matters.  In  regard  to  the  occurrence  of  urobilin  in 
icteric  urino  see  page  371. 

Detection  of  Bile-coloring  Mailers  in  urine.  Many  teats  hare 
been  proposed  for  the  detection  of  bile-ooloring  matters.  Ordina- 
rily we  obtain  the  best  results  either  with  Gmelih's  or  with  Hop- 
pert's  test. 

Gmelin's  lest  may  be  applied  directly  to  the  urine;  but  it  \B 
better  to  use  Rosenbach's  modification.  Filter  the  urine,  which 
is  deep-colored  from  the  retained  epithelium-cells  and  bodies  of  that 
kind,  through  a  very  small  filter.  After  the  liquid  baa  entirely 
passed  through  apply  to  the  inside  of  the  filter  a  drop  of  nitric  acid 
which  contains  only  very  little  nitrous  acid.  A  pale-yetlow  spot  will 
be  formed  which  ia  surrounded  by  colored  rings  which  appearyellow- 
ish  red,  violet,  blue,  and  green.  This  modification  is  very  delicate, 
and  it  is  hardly  possible  to  mistake  indicau  and  otber  coloring  mat- 
ters for  the  bile-pigments.  Several  otber  modifications  of  Qhblih'b 
test  on  the  urine  directly,  as  with  concentrated  sulphuric  acid  and 
nitrate,  etc.,  have  been  proposed,  but  they  are  neitner  simpler  nor 
more  accurate  than  Rosenbaou's  modification, 

HuppERT'a  Reaction.  In  a  dark-colored  urine  or  one  rich  in 
indican  we  do  not  always  obtain  good  results  with  Qhelin'b  test. 
In  such  cases,  as  also  in  urines  contniniiig  blood-c«loring  matters 
at  the  same  time,  the  urine  is  treated  with  lime-water,  or  first  with 
some  CuClt  solution,  and  then  with  a  solution  of  soda  or  ammonium 
carbonate.  The  precipitate  which  contains  the  bile-coloring  mat- 
ters is  filtered  and  used  for  UcppEaT'&  test  (see  page  154). 

The  precipitate  consisting  of  lime-pigments  may  also  be  shaken 
out  with  chloroform  after  washing  in  water  and  after  being  acidified 
with  acetic  acid.  The  bilirubin  is  taken  up  by  the  chloroform, 
which  is  colored  yellow  thereby,  while  the  acetic  acid  solution  is 
colored  green  by  the  bilirubin.     Both  solutions  may  then  be  used 
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forGHELIN's  test  (HoppB-SETLEB),aiidBntall  amounts  of  bile-color- 
iug  iinittera  may  be  detected  in  this  way.  Tlie  limo-pigmetitB  may, 
according  to  IIilger,  also  be  ueed  directly  for  Guelin'b  test  in  tbe 
following  way :  Spread  them  on  a  porcelain  dish  in  a  thin  layer, 
and  add  carefully  a  drop  of  nitric  acid.  Tbe  reaction  generally 
appeals  very  beautiful. 

Stokvis's  reaction  is  especially  valuable  in  those  cases  in  wliich 
the  urine  contains  only  very  little  bile-coloring  matter  together  with 
larger  amounts  of  other  coloring  matters.  The  test  is  performed 
as  follows  :  20-30  0.  c.  urine  are  treated  with  5-10  c.  c.  of  a  aoln- 
tioD  of  zinc  acetate  (1  : 5).  The  precipitate  is  washed  on  a  small 
filter  with  water  and  then  dissolved  in  a  little  ammonia.  The  new 
filtrate  gives,  directly  or  after  it  has  stood  a  short  time  in  the  air 
until  it  has  a  peculiar  brownish-green  color,  the  absorption -bands 
of  bilicyanin  (see  page  155). 

Many  other  reactions  for  bile-coloring  matters  in  the  urine  hare 
been  proposed;  but  as  the  above-mentioned  are  sufficient,  it  is  per- 
haps only  necesisary  to  give  here  a  few  of  the  other  reactions  with- 
out entering  into  details. 

Ui.Tz>UNN's  reaelion  consists  ia  treating  about  10  c.  c.  of  the  urine  with 
8-4  c.  c.  concciilrated  csuaiic- potash  solutiou  and  then  acidifying  with  hydro- 
chloric acid.     The  uriDe  will  iMcume  a  beautiful  green. 

Surrn'fl  Beaetion.  Pour  carefully  OTortbeurinet.iucture  of  iodine,  whereby 
a  greiTD  ring  appeani  between  the  two  liquids.  You  may  alao  shake  the  urine 
with  tincture  ol  Iodine  until  it  has  a  green  color. 

KHRLicn'fl  Tett.  First  mix  tbe  urine  with  an  equal  volume  of  dilute  acetic 
add  and  then  add  drop  by  drop  a  solution  of  suipho-diazobenzol.  The  add 
mixture  becomes  dark  reii  iu  the  presence  of  hilirubin,  and  this  color  becomes 
btiiiih  violet  on  the  adililiou  of  ^lad&l  acetic  add.  Tbe  Bulpho-diazol)cnn>l 
is  prepared  with  1  grm.  sulnbanilic  acid,  IB  c.  c.  hydrochloric  acid,  and  0.1 
grm.  sodium  nitrite  ;  this  solution  Is  diluted  to  1  litre  with  water. 

Hbdicimai.  colohino  hattehb  produced  from  santonin,  rhubarb,  senna, 
etc.,  may  give  an  abnormal  color  to  the  urine,  which  may  be  raisiaken  for  the 
bile-coloring  matters,  or  In  alkaline  urines  perhaps  for  blood-coloring  matters. 
If  bydrochtoTic  acid  is  added  to  such  a  urine,  it  becomes  yellow  or  pale  yellow, 
wliile  on  the  addition  of  an  excess  of  alkali  it  twcomes  more  or  leas  beautifully 
red. 

Sugar  in  Uritte. 

Grape-sugar,  C(HuO,,  also  called  glucose,  dextrose,  and 
DIABETIC  sugar,  occurs  chiefly  in  the  vegetable  kingdom;  but  it  is 
found  in  very  small  amounts  in  the  blood,  on  an  average  of  1.5  p.  m,, 
and  also  as  traces  in  other  animal  fluids  and  organs.  The  occurrence 
of  traces  of  grape-sugar  in  the  urine  of  perfectly  healthy  persona 
oan  hardly  be  disputed.     If  sugar  appears  in  the  urine  in  constant 
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and  in  apecially  large  amounts,  it  must  be  conBidered  as  an  abnor- 
mal coDstitueiit. 

Small  amouats  of  glucose  may  pass  into  the  urine  from  an  ox- 
CBBsive  supply  of  sugar  wben  the  body,  by  absorption  from  the 
intestines,  takes  up  more  sugiiv  than  it  can  assimilate  (Worm 
Mliller;  F,  Hofmeister,  De  Jong).  Also  after  starchy  food 
UoPUEiSTEB  observed  in  dogs,  whose  power  of  assimilating  sugar 
bad  been  greatly  reduced  by  the  almost  complete  withdrawal  of 
food  for  several  days,  that  glycosuria  appeared  {btarvation- dia- 
betes according  to  Hofmeister).  In  man  the  appearance  of 
glucose  in  the  urine  has  been  observed  in  numerous  and  various 
pathological  conditions,  such  as  lesions  of  the  brain  and  especially 
of  the  medulla  oblongata,  abnormal  circulation  in  the  abdomen, 
heart  and  lung  diseases,  cirrhosis  of  the  liver,  cholera,  etc.,  etc. 
Glycosuria  has  also  been  produced  in  animals  in  various  ways,  as 
by  puncture  of  the  fourth  ventricle  (piqfire),  cutting  throngh  the 
spinal  marrow,  irritation  of  the  pneumogastric  nerve,  poisoning 
with  carbon  monoxide,  curare,  amyl-nitrite,  o-nitro-phenyl-propiolic 
acid,  phloridzin,  and  many  other  substances,  also  by  the  injection 
of  dilute  common-salt  solution  into  the  blood-vessels,  and  in  many 
other  ways.  The  observation  of  V.  Mkrin'o  and  Minkowski  that 
in  dogs  after  total  extirpation  of  the  pancreas  a  very  copious  and 
continuous  secretion  of  sugar,  a  true  diabetes,  appears  is  of  special 
jitercst. 

The  continuous  appearance  of  sngar  in  human  urine,  aometimea 
very  considerable  amounts,  occurs  in  diabetes  hellitus.  In 
this  disease  there  may  be  an  elimination  of  1  kilogramme  of  grape- 
sngar  during  the  24  hours,  or  even  more.  In  the  beginning  of  the 
disease,  when  the  quantity  of  sugar  is  still  very  small,  tlie  urine 
often  does  not  appear  abnormal.  In  more  developed,  typical  cases 
the  quantity  of  urine  voided  increases  considerably  to  3-6-10  litres 
per  24  hours.  The  percentage  of  the  physiological  constituents  is 
as  a  rule  very  low,  while  their  absolute  daily  quantity  is  increased. 
The  urine  is  pale,  but  of  a  high  specific  gravity,  1.030-1.040  or 
even  higher.  The  high  specific  gravity  depends  upon  the  sugar 
present,  which  varies  in  different  cases,  but  may  even  nmount  to 
10;<.    The  urine  is  therefore  characterized  in  typical  cases  of  dia- 
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betcB  by  the  very  large  quantity  voided,  by  the  pale  color  aud  liigli 
Bpeciiic  gravity,  and  by  ita  conttiiuing  sugar. 

Thut  the  urine  after  the  introduction  of  certain  medicines  or 
poJBOiious  bodies  into  the  system  contains  reducing  bodies,  paired 
glycuronic  acids,  which  may  be  mistaken  for  sugar,  has  been  men- 
tioned in  the  previous  pages. 

Properties  of  Grape-sugar.  Grapensngar  crystallizes  sometimes 
with  1  mol.  water  of  crystallization  in  warty  masses  or  small  leaves 
or  plates,  and  sometimes  when  free  from  water  in  needles.  The 
sugar  containing  water  of  crystallization  melts  even  below  100°  C. 
and  loses  its  water  of  crystallization  at  110°  C.  The  anhydrous 
sugar  melts  ut  146°  0.  aud  is  converted  into  glucosan,  C,H,oOi,  at 
170°  C.  with  the  elimination  of  water.  On  strongly  heating  it  is 
converted  into  caramel  and  then  decomposed. 

Grape-sugar  is  readily  soluble  iu  water.  This  solution,  which 
is  not  aa  sweet  as  a  cane-sugar  solution  of  the  same  strength,  is 
dextro -gyrate.  The  specific  rotary  power  of  a  watery  solution  of 
1-15!(  anhydrous  glucose  at  -|-  30°  C.  is  indeed  somewhat  variable, 
52.52°-52,9°  (Landolt),  but  the  average  may  bo  considerod  as 
+  63.6°.  Anhydrous  glucose  dissolves  sparingly  in  cold,  hut  more 
freely  in  boiling,  alcohol.  100  parts  S5^  alcohol  dissolves  1.94 
parts  glucose  at  +  17.5°  C,  and  21.7  parts  at  the  boiling  tempera- 
ture (Anthon).  Glucose  is  insoluble  in  ether.  If  an  alcoholic 
caustic-alkali  solution  is  added  to  au  alcoholic  solution  of  glucose^ 
an  amorphous  precipitate  of  insoluble  saccharate  is  formed.  On 
warming  the  saccharate  decomposes  easily  with  the  formation  of  a 
yellow  or  brownish  color  which  is  the  basis  of  the  following  re- 
action. 

Moore's  Tent.  If  a  glucose  solution  is  treated  with  about  ^  of 
its  volume  of  caustic  potash  or  soda  and  warmed,  the  solution  be- 
comes first  yellow,  then  orange,  yellowish  brown,  aud  lastly  dark 
brown.  It  has  at  the  same  time  a  faint  odor  of  caramel,  and  this 
odor  is  more  pronounced  on  acidification. 

Glucose  forms  many  crystal!  Jziible  combiuationa  with  NaCl,  of 
which  the  easiest  to  obtain  is  (C,Hi,0»)i-NaCl  +  HtO,  which  forms 
large  colorless  six-sided  double  pyramids  or  rhomboids  with  13.40'£ 
NaCl. 

Glucose  in  neutral  or  very  faiutly-acid  {by  au  organic  acid) 
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solution  passes  into  alcoholic  fermentatioa  with  beer-ycast, 
C,H„0,  =  3C,H(.0H  +  300,.  The  moat  favorable  temperatuM 
for  this  fermeutatioQ  is  about  35°  0.  Besides  the  alcohol  and 
carbon  dioiide  there  are  formed,  especially  at  higher  temperatures, 
small  quantities  of  homologous  alcohols  (amyl-alcohol),  glycerin,  and 
succinic  acid.  In  the  presence  of  acid  milk  or  cheese  the  grape- 
sugar  passes,  especially  in  the  presence  of  a  base  such  as  ZnO  or 
CatJOj,  into  lactic-acid  fermentation:  C,H„0,  =  ^t-'.^tO,.  (This 
process  is  even  more  complicated  and  CO,  is  formed  thereby,  Bou- 
TRON,  IluBPPE.)  The  lactic  acid  may  then  pass  into  butyric  acid- 
fermentation  :  2C,H,0,  =:  G,H,0,  +  2C0,  +  4H. 

Grape-sugar  reduces  several  metallic  oxides,  such  as  copper 
oxide,  bismuth  oxide,  mercuric  oxide,  in  alkaline  solutions,  and  the 
most  important  reactions  for  sugar  are  based  on  this  fact. 

Trommer's  test  is  based  on  the  property  that  glucose  possesses 
of  reducing  copper-hydrated  oxide  iu  alkaline  solution  into  sub- 
oxide. Treat  the  glucose  solution  with  about  \--^  vol.  caustic 
soda  and  then  carefully  add  a  dilute  copper-sulphate  solution. 
The  copper-hydrated  oxide  is  thereby  dissolved,  forming  a  beautiful 
bine  Bolutton,  and  the  addition  of  copper  sulphate  is  continued 
until  a  very  small  amount  of  hydrate  remains  undissolved  in  the 
liquid.  This  is  now  warmed  and  a  yellow  hydrated  suboxide  or 
red  suboxide  separates  even  below  the  boiling-point.  If  too  little 
copper  salt  has  been  added,  the  tost  will  be  yellowish  brown  in  color 
as  in  Moore's  test;  but  if  an  excess  of  copper-salt  has  been  added, 
the  excess  of  hydrate  is  converted  on  boiling  into  a  dark-brown 
hydrate  poor  in  water  which  interferes  with  the  test.  To  prevent 
these  difficulties  the  so-called  FEnuNa'a  solution  may  be  em- 
ployed. This  reagent  is  obtained  by  mixing  before  use  equal 
volumes  of  an  alkaline  solution  of  Kochelle  salts  and  a  copper-sul- 
phate solution  (see  Quantitative  Estiniittion  of  Sugar  in  the  Urine  in 
regard  to  concentration).  This  solution  is  not  rednced  or  noticeably 
changed  by  boiling.  The  tsirtrate  holds  the  excess  of  copper- 
hydrate  oxide  iu  solution,  and  an  exceas  of  the  reagent  does  not 
interfere  in  the  performance  of  the  teat.  In  the  presence  of  sugar 
this  solution  is  reduced. 

BiiTTGER-ALMBN's/e.«/  is  based  on  the  property  glucose  possesses 
of  reducing  bismuth  oxide  in  alkaline  solution.     The  reagent  best 
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only  very  small  amonnte  may  make  its  detection  sometimea  very 
difficult  and  laborious.  A  urine  containing  uHmmiu  must  first 
have  the  albumin  removed  by  coagulation  witb  acetic  acid  and  heat 
before  it  can  bo  tested  for  sugar. 

The  tests  which  are  most  frequently  employed  and  are  especially 
reoorameuded  are  aa  follows: 

Tbouuer's  text.  In  a  typical  diabetic  urine  or  one  rich  in 
sugar  this  tuEt  succeeds  well,  and  it  may  be  pt^rformed  in  the 
manner  suggested  on  page  409.  This  test  may  lead  to  very  great 
mistakes  in  urines  poor  in  sugar,  BBpeclally  when  they  have  at  the 
same  time  normal  or  increased  amounta  of  physiological  constitn- 
enta,  and  therefore  it  cannot  be  recommendod  to  physicians  or  to 
persona  little  practised  in  such  work.  Normal  urine  contains 
reducible  substances,  such  as  uric  acid,  crcatinin,  and  others,  and 
therefore  a  reduction  takes  place  with  all  urine  on  using  this  test. 
We  generttlly  do  not  have  a  separation  of  copper  suboxide,  but  still 
if  we  vary  the  proportion  of  the  alkali  to  the  copper  sulphate  and 
boil,  we  often  have  an  actual  separation  of  suboxide  tn  normal 
urines,  or  we  obtain  a  peculiar  yellowish-red  liquid  due  to  finely- 
divided  hydrated  suboxide.  This  occurs  especially  on  the  addition 
of  mnch  alkali  or  too  much  copper  sulphate,  and  by  oarelees  ma- 
nipulation the  inexperienced  worker  may  therefore  sometimes 
obtain  apparently  )>08itive  results  in  a  normal  urine.  Also  as  urine 
Gontains  substances  snob  as  creatinin  and  ammonia  (from  the 
urea),  which  in  the  presence  of  only  little  sugar  may  keep  the  cop- 
per suboxide  in  solution,  therefore  in  inexperienced  hands  small 
amountti  of  sugar  may  he  overlooked. 

Tbohuer's  test  may  indeed  be  made  positive  and  useful,  even  in 
the  presence  of  very  small  amounta  of  sugar,  by  using  the  modifica- 
tion suggested  by  Worh  Mijlleii.  Asthis  modification  is  rather 
complicated,  and  besides  this  requires  much  practice  and  exactness, 
it  is  probably  rarely  employed  by  the  busy  physician.  The  follow- 
ing test  is  to  be  preferred : 

Almen's  bismuth  lest,  which  recently  has  been  incorrectly  called 
Ntlandbr's  test,  is  performed  with  the  alkaline  bismuth  solution 
prepared  as  above  described  (page  410).     For  each  test  10  c.  c  of 
nrine  81*0  taken  and  trokted  with  1  c.  c.  of  the  bismuth  solution  and 
hoiled   for  a  few  minutes.     In  the  presence  of  sugar  the  urine 
becomes  darker  yellow  or  yellowish  brown.     Then  it  grows  darker, 
cloudy,  dark  brown,  or  nearly  black,  and  non -transparent.    After  a 
shorter  or  longer  time  a  black  deposit  appears,  the  supernatant 
liquid  gradually  clears,  hut  still  remains  colored.     In  the  presence  1 
of  only  very  little  sugar  the  test  is  not  black  or  dark  brown,  but  is. I 
only  deeper-colored,  and  after  a  longer  time  we  only  see  on  the  J 
npper  layer  of  the  phosphate  precipitate  a  dark  or  black  edge  {of  1 
bismuthr).     In  the  presence  of  much  sugar  a  larger  amount  of] 
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ThiB  test  shows  the  presence  of  1-0,5  p.  m.  sugar  in  the  urine. 
The  sources  of  error  which  interfere  id  Tromheh's  test,  Buch  as  the 
presence  of  uric  acid  and  creatinio,  entirely  disappenr  in  this 
test.  The  bismuth  test  iu,  besides  this,  more  easily  performed,  and 
it  is  therefore  to  be  recommended  totlie  physiciuu.  iSmall  amounts 
of  albumen  do  uot  interfere  with  this  test;  large  amounts  may  give 
rise  to  an  error  by  forming  bismuth  sulphide,  and  therefore  mast 
be  removed  by  coagulation. 

In  using  this  method  it  must  not  be  overlooked  that  it  is,  like 
Teommer's  test,  a  reduction  test,  and  it  consequently  may  show, 
besides  sugar,  certain  other  reducing  substances.  Snch  bodies  are 
certain  coupled  glycuronic  acids  which  may  appear  ia  the  urine. 
Salkowski  obtained  a  bluish-black  precipitate  with  this  reageut  in 
a  urine  after  the  use  of  rbuburb,  and  black  precipitates  have  been 
obtained  with  the  bismuth  test  after  the  nse  of  turpentine  and  cer- 
tain other  mediciues.  From  this  it  follows  that  we  should,  espe- 
cially when  the  reduction  is  not  very  great,  never  be  satisfied  with 
this  teat  alone.  As  a  coutroi  at  least  one  of  the  following  tests 
must  he  performed.  Among  these  the  fermentation  test  ia  of 
special  value. 

FertnentalioH  Test.  On  using  this  teat  we  must  proceed  in  vari- 
ous ways,  according  as  the  bismuth  test  gives  small  or  large  results. 
If  a  rather  strong  reduction  is  obtained,  the  urine  mny  be  treated 
with  yeast  and  tlie  presence  of  sugar  determined  by  the  generation 
of  carbon  dioxide.  In  this  case  the  acid  urine,  or  otherwise  faintly 
acidified  with  tartaric  acid,  is  treated  with  yeast  which  has  previ- 
ously been  washed  by  decantation  with  water.  Pour  this  urine  to 
which  the  yeast  has  been  added  into  a  Schrotter's  gas-burette,  or 
glass  tube  with  the  open  end  ground,  close  with  the  thumb,  and 
open  under  the  eurface  of  mercury  contained  in  a  dish.  As  tba 
fiTmentation  proceeds,  the  carbon  dioxide  collects  in  the  upper 

Crt  of  the  tube,  while  a  corresponding  quantity  of  liquid  ia  eipelled 
low.  As  a  coutroi  in  this  case,  two  other  similar  tests  must  be 
made,  one  with  normal  urine  aud  yeast  to  leurn  the  amount  of  gas 
usually  developed,  and  the  other  with  a  sugar  solution  and  yeaat  to 
determine  the  activity  of  the  yeast. 

If,  on  the  contrary,  we  find  only  a  faint  reduction  with  the  bis- 
muth test,  no  poaitive  conclusion  can  he  drawn  from  the  absence  of 
any  carbon  dioxide  or  the  appearance  of  a  very  insignificant 
amount.  In  this  case  proceed  in  the  following  way  :  Treat  the 
acid  urine,  or  the  urine  which  has  been  faintly  acidified  with  tar- 
IhHc  acid,  with  yeitst  whose  activity  has  been  tested  by  a  special 
teat  ou  a  sugar  sotutiou,  and  allow  it  to  stand  24—18  hours  at  the 
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temperature  ol  the  room,  or,  better,  at  a  little  higlier  temperature. 
After  thiu  time  test  again  with  the  bismuth  test,  and  it  the  reac- 
tion now  gives  negative  results,  then  sugar  was  previously  present. 
Bnt  if  the  reaction  continues  to  give  positive  results,  then  it  shows 
— if  the  ^east  is  active— the  presence  of  other  reducing,  ferment- 
able bodies.  There  may  indeed  be  a  possibility  that  the  urine  also 
contains  some  sugar  besides  these  bodies.  This  possibility  is  decided 
by  the  following  test : 

PkenylhydTazin  Test.  According  to  v.  Jakbch,  this  test  Is  per- 
formed in  the  following  way  :  Add  in  a  test-tube  containing  8-10 
c,  c.  of  the  urine  two  knife-points  of  phenylhydrazin  hydrochloride 
and  three  knife-points  sodium  acetate,  and  when  the  added  salts 
do  not  dissolve  on  warming  add  more  water.  The  mixture  is  heated 
in  boiling  water  and  kept  there  for  one  hour  to  avoid  a  confusion 
with  phenylhydrazin -glycnronic  acid  (v.  JaKBOH  and  Hirschl). 
It  is  then  ponrud  into  a  beaker  of  cold  water.  If  the  quantity  of 
sugar  present  is  not  too  small,  a  yellow  crystalline  precipitate  is  now 
obtained.  If  the  precipitate  appeiire  amorphous,  then  on  looking 
at  it  under  the  microscope  it  appears  partly  as  single  and  partly 
as  groups  of  yellow  needles.  If  very  little  sugar  is  present,  pour 
the  test  into  a  conical  glass  and  examine  the  sediment.  In  this 
case  at  least  a  few  phenylglucoaazone  crystals  are  found,  while 
the  occnrreiice  of  smaller  and  larger  yellow  plates  or  highly-refrac- 
tive brown  globules  do  not  show  the  presence  of  sugar.  Accord- 
ing to  7.  Jaksch,  this  reaction  is  very  reliable,  iind  by  it  the 
presence  of  0.3  p.  m.  sugar  can  be  detected  (liosicNBEita,  Geyer). 
A  confounding  with  glycnronic  acid  is,  according  to  Uirsohl,  not  . 
to  be  apprehended  when  it  is  not  hciiteid  in  the  water-buth  for  too  ' 
short  a  time  (one  hour).  In  doubtful  cases  where  we  wish  to  be 
quite  sure,  prepare  the  crystals  from  a  large  quantity  of  uriue,  dis- 
solve them  on  the  filter  by  pouring  over  them  hot  alcohol,  treat  the 
filtrate  with  water,  and  boil  off  the  alcohol.  If  the  characteristic 
yellow  crystalline  needles,  whose  melting-point  (204°-205''  C.J  is 
also  determined,  are  now  obtained,  then  this  test  is  quite  decisive. 

Polarization,  The  polariscopic  investigation  is  of  great  value, 
especially  as  in  many  cases  it  quickly  differentiates  between  sugar 
and  other  reducible,  often  Ifevo-gyrate  substances.  In  the  presence 
of  only  very  little  sugar  the  value  of  this  test  depends  on  the  delicacy 
of  the  instrument  and  the  dexterity  of  the  observer;  therefore  this 
method  is  perhaps  inferior  in  most  case^  to  the  bismuth  test  or  to 
the  phenylliydrazin  teat. 

If  small  quantities  of  sugar  are  to  be  isolated  from  the  urine, 
precipitate  the  urine  first  with  sugar  of  lead,  filter,  precipitate  the 
filtrate  with  ammoniacal  lead  acetate,  wash  this  precipitate  with 
water,  decompose  it  with  H,S  when  suspended  in  water,  concentrate 
the  nitrate,  treat  it  with  strong  alcohol  until  it  is  SO  vol.  per  cent,  filter 
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when  necessary,  and  add  an  alcoholic  caustic-alkali  solation.  Dis- 
solve the  precipitate  coiiBiatiug  of  eaccliarates  iu  a  litile  water,  pre- 
cipitate tlie  potash  by  an  cxceaa  of  tartaric  acid,  neutralize  tlie  fil- 
trate with  calcium  carbonate  in  the  cold,  and  filter.  The  filtrate 
muj  be  used  for  testtug  with  the  [Xilariscope  ae  well  as  iu  tlie  fer- 
mentation, bismuth,  uud  phenylhydrazin  teats.  The  presi-ncu  of 
gi-apc-sugar  may  be  detected  by  this  same  process  in  animal  fluids 
or  tiBBues,  from  which  the  albumiuB  have  first  been  removi'd  by 
coagulation  or  by  the  addition  of  alcohol. 

For  the  physician,  wlio  naturally  wants  specially  simple  and 
quick  methouB,  the  biiimuth  test  must  be  especially  recommended, 
as  this  may  be  controlled  when  necessary  by  the  fermentation  or 
phenylhydrazin  test. 

Otber  testa  fur  sugar,  as,  for  exaaiple,  the  reactioo  with  ortboDitropLenyl- 
propiulic  acid,  picric  add,  iliazubeusol  sulpbooic  acid,  are  superttuouB,  The 
reaciluu  wilh  a-uaplitliul.  whicb  \s  a  reactioa  for  carboLydntlUH  in  geoerul.  (or 
glycuroaic  acid  and  inudu,  may.  bucause  of  its  exlreme  dtlicacy,  give  rise  lo 
mlstskes.  and  is  therefore  uol  to  be  recummeiKted  lo  ptijslclaiia. 

Quanlilatit'e  Estimntion  of  Sugar  in  the  urine.  The  urine  for 
such  an  estimation  must  first  be  tested  for  albumin,  and  if  any  be 
present  it  must  be  removed  by  coagulation  and  the  addition  of 
acetic!  acid,  care  being  taken  not  to  increase  or  diminish  the  ortginat 
volume  of  urine.  'J  he  quantity  of  Bu^ar  may  be  determined  by 
iiTRATiON  with  Fbhling's  or  Knapp'8  solution,  by  fehmenta- 
TiON  or  by  polabization. 

The  titration  liquids  not  only  react  with  sugar,  but  also  with 
certain  other  reducing  substances,  and  on  this  account  the  titration 
methods  give  rather  high  resnltB.  When  hiree  quantities  of  sugar 
are  prcaent,  as  in  typical  diabetic  nrine,  which  generally  contains  a, 
lower  percentage  or  normal  reducing  constituents,  tliia  is  indeed 
of  little  account:  but  when  small  amounts  of  sugar  are  present  in 
an  otherwise  normal  urine,  the  mistake  may,  on  the  contrary,  be 
important,  as  the  reducing  power  of  normal  urine  may  correspond 
to  4  p.  m.  grape-sugar  {see  page  374).  In  such  cases  the  titration 
method  must  be  employed  in  connection  with  the  fermentation 
method,  which  will  be  described  later.  It  is  to  be  remarked  that 
in  typical  diabetic  urines  with  considerable  amounts  of  sugar  the 
titration  with  Fedlino's  solution  is  just  as  reliable  as  with  Enapi^s 
solution.  When  the  urine,  on  the  contrary,  contains  only  little 
sugar  with  normal  amounts  of  physiological  constituents,  then  the 
titration  with  Fehlino'b  solntion  is  more  difficult,  indeed  in  cer- 
tain cases  almost  impossible,  the  results  being  very  uncertain.  In 
euch  cases  Knafp'b  method  gives  good  results,  according  to  WoBH 
MuLLBRand  his  pn pi  Is. 

The  TITRATION  with  Fehlinq's  soLtmoM  depends  on  the  power  J 
of  sngar  to  reduce  copper  oxide  in  alkaline  solutions.     For  this  — 


rSE  URINE. 


416 


formerly  employed  a  solution  which  coutaiiied  a  mixture  of  copper 
sulphate,  Kwlielle  salt,  and  sodium  or  potassium  hydrate  (I^kh- 
likq's  solution);  but  as  such  a  solution  rendiiy  changes,  we  now 
prepare  a  copper-sulphate  aolutiou  and  an  alkaline  Hochelle-aatt 
solution  eeparately,  and  mi^  equal  volumes  of  the  two  sohitions 
before  using. 

Tlie  concentnition  of  the  copper-sal pb ate  solution  is  such  that 
10  c.  c.  of  this  solution  is  reduced  by  0.05  grm.  grape-sugar.  The 
copper-sulphate  aolutiou  contains  34.65  grma.  pure,  crystal  I  i  zed,  non- 
efflorescent  copper  sulphate  in  1  litre.  The  sulphate  is  crystallized 
from  a  hot  siiturated  solution  by  cooling  and  stirring;  and  the 
crystals  are  separated  from  the  mother-liquor  and  pressed  between 
blotting-paper  until  dry.  The  Rochelle-salt  solution  is  prepared 
by  dissolving  1~3  grms.  of  the  salt  in  350  c.  c.  water,  adding  600 
c.  c.  of  a  caustic-Boua  solution  ofa  specific  gravity  of  1.12,  and  dilut- 
ing with  water  to  1  litre.  According  to  WoRU  MUlleb,  tlieae 
three  liquids — Rochelle-salt  solution,  cuuatic  soda,  and  water — 
should  be  separately  boiled  before  mixing  together.  For  each 
titration  miz  in  a  small  flask  or  porcelain  dish  exactly  10  c.  c.  of 
the  copper-sulphate  solution  and  10  c.  c.  of  the  alkaline  Rochelle- 
salt  solution  and  add  ■%  c.  c.  water. 

The  urine  free  from  albumin  is  diluted  before  the   titration 
with  water  fo  that  10  c.  c.  of  the  copper  solution  requii-es  between 
b  and  10  c.  c.  of  the  diluted  urine,  which  corresponds  to  between 
1   and  \ii  sugar.     A  urine  of  a  specific  gravity  of  1.03O  may  be 
diluted  five  times;  one  more  concentrated,  ten  times.     The  urine 
so  diluted  is  poured  into  a  burette  and  allowed  to  flow  into   the 
boiling  copper-sulphate  and  Roclielle-sult  solution  until  the  copper 
oxide  is  completely  reduced.     This  has  taken  place  when,  alter 
boiling,  the  blue  color  of  the  solution  disappears.     It  is  very  dif- 
ficult and  requires  some  practice  to  exactly  determine  this  point, 
vapecially  when  the  copper  suboxide  settles  with   difficulty.    To 
determine  whether   the   color   has  disappeared,  allow  the  copper 
suboxide  to  settle  a  little  below  the  meniscus  formed  by  the  surface 
of  the  liquid.     If  this  layer  is  not  blue,  the  operation  is  repeated, 
adding  O.I  c.  c,  less  of  urine;  and  if,  after  the  copper  suboxide  has 
settled,  the  liquid  has  a  blue  color,  the  titration  may  be  considered 
as  completed.     Because  of  the  difficulty  in  obtaining  this  point  1 
exactly  another  end-reaction  has  been  suggested.     This  consists  in  / 
filtering  immediately  after  boiling  a  small  portion  of  the  treated  \ 
urine  through  a  small  filter  into  a  teat-tube  which  contains  a  little  J 
acetic  acid  and  a  few  drops  of  potassium-feri'ocyanide  solution  and  , 
water.     The  smallest  quantity  of  copper  is  shown  by  a  red  colora- 
tion.    If  the  operation  is  quickly  conducted  so  that  no  oxidation   ' 
of  the  suboxide  into  oxide  takes  place,  this  end-reaction  is  of  value  ' 
for  urines  which  are  rich  in  sugar  and  poor  in  area  and  which 
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have  beon  Btronglj  diluted  with  water.  In  urines  poor  in  sugar 
which  contain  the  Dormitl  amount  of  urea  and  which  have  not  been 
Btrougly  dilated,  a  rather  abundant  formation  of  animouia  from 
the  urea  may  take  place  on  boiling  the  alkaline  liquid.  This  am- 
monia dissolves  the  suboxide  in  puit,  which  easily  passes  iuto  oxide 
thereby,  and  besides  this  the  dissolved  suboxide  gives  a  red  color 
with  potassium  ferrooyanide.  In  just  those  aiaea  in  which  the 
titration  is  most  difficult  this  end-reaction  is  the  least  reliable. 
Practice  also  renders  it  unnecessary,  and  it  is  therefore  best  to 
depend  simply  upon  the  appearance  of  the  liquid. 

To  facihtate  the  settling  of  the  copper  suboxide  and  thereby 
.  clearing  the  liquid,  Mcnk  lias  lately  suggested  the  addition  of  a 
little  calcium-chloride  solution  and  boiling  again.  A  precipitate  of 
calcium  tartrate  is  produced  which  carries  down  the  suspended 
copper  suboxide  with  it,  and  the  color  of  the  liquid  can  then  be 
better  seen.  This  artifice  succeeds  in  many  oiaes,  but  unfortunately 
there  are  urines  in  which  the  titration  with  Fbulikg's  solution  in 
no  way  gives  exact  results. 

The  necessary  conditions  for  the  success  of  the  titration  under 
all  circumstances  are.  according  to  Soxulet,  the  following:  The 
cop  per- sulphate  and  Rochelle-salt  solution  must,  as  above,  be  diluted 
to  60  c.  c.  with  water;  the  urine  must  only  contain  between  0.5j( 
and  1;^  sugar,  and  the  total  quantity  of  urine  required  for  the  re- 
duction must  be  added  to  the  titration  liquid  at  once  and  boiled 
with  it.  From  tlii^  last  condition  it  follows  that  the  titration  is 
dependent  u^wn  minute  details,  and  several  titrations  are  required 
for  each  determination. 

It  is  best  to  give  here  directions  for  the  titration.  The  proper 
smonnt  of  eopjwr-sulplnite  and  Hochelle-salt  solution  and  water 
(total  volume  =  50  c.  c.)  is  heated  to  boiling  in  a  flask;  the  color 
must  remain  blue.  The  nrine  diluted  five  limes  is  now  added  to 
the  boiling-hot  liquid,  1  c.  c.  at  a  time,'  after  each  addition  of 
urine  boil  for  a  few  seconds,  and  look  for  the  appearance  of  the 
end-reaction.  If  you  find,  for  example,  that  3  c.  c.  is  too  little  but 
that  4  c.  c.  is  too  much  (the  liquid  becoming  yellowish),  then  the 
urine  has  not  been  sufficiently  diluted,  for  it  should  require  be- 
tween 5  and  10  c.  c.  of  the  urine  to  produce  the  complete  reduc- 
tion. The  urine  is  now  diluted  ten  times,  and  it  should  now 
require  between  6  and  8  c.  c.  for  a  total  reduction.  Now  prepare 
four  new  tests,  which  are  boiled  simultaneously  to  save  lime,  and 
add  at  one  time  respectively  6,  6J,  7,  and  l\  c.  c.  of  urine.  If  it  is 
found  that  between  61  and  7  c.  c.  are  necessary  to  produce  the 
end-reaction,  then  make  four  other  tests,  to  which  add  respectively 
6.6,  6.7,6.8,  and  6.9  c.  c.  of  urine.  If  in  this  case  ilie  liquid  i3 
still  somewhat  bluish  with  6, 7  c.  c.  and  completely  decolorized  with 
6.8  0.  c,  we  then  consider  the  average  figure  6.75  c.  c.  as  correct. 
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The  calcnlatioD  \&  simple.     Tlifs  6.75  c.  c  UBed  coDtain  0.05  grn>. 
augiir,  and  the  porcentage  of  sugar  in  the  dilute  urine  is  therefore 

(6.75  : 0.05  =  100  :  ^)  =  ^^  =  0.74.     But    as    the    urine   was 

diluted  with  ten  times  its  volume  of  water,  the  undiluted  urine 

contained  —^7-  =  7.4j(.     The  general  formula  on  using  10  c.  c. 


the  number  of  times  the  urine  ha«  been  diluted  and  k  the  number 
of  c.  c.  uacd  for  the  titration  of  the  diluted  urine. 

The  TITRATION  AccoHDiNG  TO  Knai'P  depends  on  the  fact  that 
mercuric  cyanidi;  is  reduced  into  metallic  mercury  by  Enipe-sogar. 
The  titration  liquid  sliould  contain  lU  grina.  chemioaTty  pure  dry 
mercuric  cyanide  and  lOU  c.  c.  ctiuatic-aoda  solution  of  a  specific 
gravity  of  1.145  per  litre.  When  the  titration  is  performed  as 
aesoribed  below  (according  to  Wokm  Muller  and  Otto),  20  c.  c.  of 
this  solution  should  correspond  to  exactly  0.05  ^m.  grape-gugar. 

Also  in  this  titnttion  the  quantity  of  i^ugar  in  the  urine  should 
be  between  ^%  and  1%,  and  here  also  the  extent  of  dilution  necessary 
must  be  determined  iiy  a  preliminary  test.  To  determine  the  end- 
reaction  as  described  bciow,  the  test  for  excees  of  mercury  is  made 
with  sulphuretted  hydrogen. 

In  performing  the  titration  allow  20  c.  c.  of  Knapp's  solution  to 
flow  into  a  flask  and  dilute  with  bO  c.  0,  water,  or  when  you  have 
reason  to  think  that  the  urine  con  tains  leas  than  0.5^  of  t^ugnr,  then 
only  with  40-60  c.  c.  After  thia  heat  to  boiling  and  atiow  the 
dilute  urine  to  flow  graduallv  into  the  hot  solution,  at  first  ^  c.  c, 
then  1  c.  c,  then  0.5  c.  c,  tnen  0.2  c.  c,  and  lastly  0.1  c.  c.  After 
each  addition  let  it  boil  ^  minute.  When  the  end-reaction  is 
approacliiug,  the  liquid  begins  to  clarify  and  the  mercury  separates 
with  the  phosphatetj.  The  end-reuctiuu  is  determined  by  taking  a 
drop  of  the  u|}|>er  layer  of  the  liquid  into  a  capillary  tube  and  then 
blowing  it  out  on  pure  white  filter-paper.  The  moist  snot  la  fii-iit 
held  over  a  bottle  containing  fuming  hydrochloric  acid  and  then 
over  etrong  sulphuretted  hydrogen.  The  presence  of  a  minimum 
quantity  of  inercurr-aalt  in  the  liquid  is  shown  by  the  spot  becom- 
ing yellowish,  which  is  seen  best  when  it  is  compared  witn  a  second 
a|>ot  which  haa  not  been  exposed  to  sulphuretted  hydrogen.  The 
end-reaction  is  etill  clearer  when  a  small  part  of  the  liquid  is 
filtered,  acidified  with  acetic  acid,  and  tested  with  aulphnrettt'd 
hydrogen  (Otto).  The  calculations  are  jast  as  simple  as  for  the 
previous  method. 

This  titration,  unlike  the  previous  one,  may  be  performed  not 
only  in  daylight,  but  alto  in  artificial  light.     Kn app'b  method  has 
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miition  of  Bugar,  we  have  none  which  are  at  the  same  time  easily 
performed  and  which  give  poaitive  resDltB  in  other  than  practised 

When  the  qiiantitv  of  eugnr  is  less  than  5  p.  m.  these  methods 
cannot  be  used.  Such  a  email  amount  of  sugar  cannot,  as  uhove 
mentioned,  be  determined  by  titration  directly,  because  the  rudiic- 
tiou  power  of  normal  urine  corresponds  to  4-5  p.  m.  In  such  cases, 
according  to  Worm  Ml'lleb,  firBt  detennine  the  reduction  power  of 
the  urine  by  titration  with  Knapp's  solution,  then  ferment  the 
urine  with  the  addition  of  yeast,  and  titrate  again  with  Knapp's 
solution.  The  difference  found  between  the  two  titrutioos  caku- 
lated  aa  sugar  gives  the  true  amount  of  .-^ngar. 

Estimation  of  KuoAit  bt  Polakization,  In  this  method 
the  urine  must  be  clear,  not  too  deeply  colored,  and,  above  all,  must 
not  contain  any  other  optically-acting  Bubatances  besides  glncose. 
By  using  a  delicate  instrument  and  with  sufflcicnt  practice  very 
exact  results  can  be  obtained  by  this  method  (K.  Mokner,  II. 
Hdppert),  For  the  physician,  RoBERTa'  fermentation  test,  which 
requires  no  expensive  apparatus  and  no  special  pmctice,  is  to  be  pre- 
ferred. Under  such  circumstances,  and  as  the  estimation  by  means 
of  polarization  can  be  performed  with  exactitude  only  by  speciallv- 
instructcd  chemists,  it  is  hardly  necessary  to  give  this  method  in 
detail,  and  tlic  reader  is  referred,  to  special  worKs  for  inBtnictiona  in 
the  use  of  the  apparatus. 

LevoloM.  Lfevo-gytAte  iirioea  conialalng  sug&r  have  been  observed  by 
Ventzke.  ZtuMRU  aaA  Czapek,  Sebokn,  aod  otherB.  The  tuiture  of  the  sub- 
itlnoce  cuusing  thlH  action  is  dilSculi  lo  emclly  describe,  but  there  U  bardlj  nay 
doulit  Ihat  tlic  urlae.  at  least  lu  ceriain  citsci,  aa  Id  tliose  obBt^rved  by  Seiiokm, 
coDUiiiis  levulogc.  Leo  once  FouliI  I[i  h  diubclic  urine  a  ixvo-gyrate.  reduci- 
bie,  non- Fermentable,  and  qoq -crystal  I iznble  substaace  wblcb  wu  coosidered 
by  him  as  a  peculiar  variety  of  sugar. 

The  presence  of  levuloee  in  a  urine  coiibiiaing  Bugnr  i«  only  probable  wben 
the  urine  is  Irovo-Kyrate  or  optically  innctlve.  nr  witrn  it  shows  a  reduction 
power  not  corresfionding  (less)  to  tlie  d ex tro- rotary  power,  or  when  it  couuiins 
uo  other  liBVO-gyrate  subetsoces  <;d-D)^y butyric  acid,  coupled  glycurooic  acid?, 
protein  bodies,  or  cysUn). 

MiLK-SDOAR.  The  appearance  of  milk-sngar  in  the  nrine  of 
nursing  mothers  has  been  madtr  known  especially  by  the  investigii- 
tions  of  De  Sinett  and  P.  Hofmeisteb.  After  taking  large  quan- 
tities of  milk-angar  some  lactose  was  fonnd  in  the  urine  by  Worm- 
MiJLLER,  and  De  Joko  fonnd  also  glucose  under  the  same  circnm- 
Btancea. 

The  positive  detection  of  milk-sugar  in  the  nrine  is  difficult,  be- 
canse  this  sugar  is,  like  glncose,  dextro-^rate  and  also  gives  tlic 
nsnal  reduction  teats.     If  urine  contains  a  dextro-gyratc,  non-fei- 
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menUble  ingv  which  reduces  bismath  Bolations,  then  it  \a  r%rj 
probable  tbtit  it  containa  milk-engar.  The  pioet  certain  nieuis  for 
its  detection  is  to  isolate  the  sugar  from  the  urine.  This  mixj  bu 
done  b;  the  foUotring  method,  suggested  bv  F.  Hofueibteb. 

PredplUle  Ihe  urine  with  lugar  of  lead,  dlter,  wash  wiib  waler.  unite  Ihs 
dintle  uid  wuli-wtter.  uid  precipitate  witli  uumonia  Tbe  liquid  filiated 
fr>ni  tbe  precipitate  is  anin  precipilaled  by  su^r  of  lead  and  ammonia,  until 
llie  laat  flltrali:  ia  oplicslly  ioftcUve.  Tbe  Mveral  precipitates  wiib  tbe  escep- 
liim  of  tbe  Bret,  whicb  coDtaJns  au  supir,  are  united  aud  washed  witb  water. 
The  washed  precipitaiF  is  deconpuM^in  the  cold  witb  sulpliurtlled  hydro- 
gen and  filtered  Tbu  excess  of  sulpliurelled  hydrogen  U  driven  oR  by  k 
current  of  aif  ;  the  acid?  sel  free  are  removed  by  shating  with  Bllver  oiJde. 
Now  filter,  remove  tbe  diaaulved  silver  by  siilpburetted  hydrogen,  treat  with 
barium  cwbonaie  \o  unite  with  any  free  acetic  acid  prcseijt.  and  tx>nceutrate- 
Before  the  evaporated  residue  is  syrupy  it  te  iresleii  with  901  alcobol  nntll  ■ 
flocculent  precipltntc  ia  formed  which  settles  quickly.  The  Qlirate  from  Ihb 
when  placed  iu  a  desiccator  deposits  crystals  of  milk<suaiir,  which  a^(^  purified 
by  Tecrystallization.  decolorizing  witb  aoimal  charcoal  and  boiling  with  BO- 
70<  alcohol, 

Ihosit  occurs  only  rarely,  and  only  in  Email  quantities,  in  tha 
urine  in  albuminuria  and  in  diabetes  mellitus.  After  excessiTa 
drinking  of  water  inosit  is  fouod  in  the  urine.  According  to 
HofpE-Setlbr,  traces  of  inodt  occur  in  all  normal  urines. 

In  detecting  inoeit  the  albumin  is  first  removed  from  the  urine. 
Then  concentrate  the  urine  on  the  water-bath  to  {  and  precipitate 
with  sugar  of  lead.  The  filtrate  is  warmed  and  treated  with  lead 
aocitate  as  long  as  a  precipitate  is  formed.  The  precipitate  formed 
after  24  hours  is  washed  with  water,  suspended  in  water,  and  de- 
composed with  sulphuretted  hydrogen.  A  little  uric  acid  may 
separate  from  the  filtrate  after  a  short  time.  The  liquid  is  filtered, 
concentrated  to  a  F>yrnpy  conBistency,  and  treated  while  boiling 
with  3-4  vols,  alcohol.  Tlie  precipitiite  is  quickly  separated.  After 
the  addition  of  ether  to  the  cooled  filtrate,  crystals  separate  after  a 
time,  and  these  are  purified  by  decolorization  and  recrystal ligation, 
with  these  crystalE  perfnrm  the  tests  mentioned  on  page  258. 

Aceton  and  Aoeto-acetic  Acid.     These  bodies  were  first  obserred 

in  urine  in  dinbetes  mellitus  (Petebs.  Eaulich,  v.  Jaksch,  Obr- 

HABdt).     Both  of  these  bodies  occur  sometimes  simultaneously  in 

diabetic  urine,  sometimes  only  one  of  them.     Acetone  may  give 

f  tbe  diabetic  urine  as  well  as  the  expired  air  the  odor  of  apples  or 

I  fniiu    According  to  v.  Jaksch.  acetone  is  a  normal  urinary  con- 

\  stitnent,  though  it  may  only  occur  in  very  small  amounts  (0.1  grm. 
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in  the  24  houre).  Le  Nobel  cl&ims  that  it  only  tippears  in  healthy 
urine  after  taking  alcohol  or  after  food  rich  in  proteids.  Acetone 
as  well  aa  accto-aoetic  acid  aeenis  to  be  a  decom  position  product  of 
the  albumins,  and  acetonurhi  may  be  caused  by  food  very  rich  id 
proteids. 

In  regard  to  the  occurrence  of  these  bodies  under  diseased  oon- 
ditions,  a  great  many  observations  have  been  made,  especially  by 
V.  Jasbch,  Kaulich,  Cantani,  DEiCHMiaLER,  FitERicHS,  Fbm- 
ZOLDT,  Le  Nobel,  (Jeifkrt,  Geruakot,  and  others.  Acetonuria 
occurs  in  certain  ca^es  of  diabetes,  and  especially  in  such  patbo- 
logical  processes  as  are  accompanied  by  an  increased  destruction  of 
the  tissues.  It  also  occurs  in  fevers,  in  cachectic  diseases,  nome- 
times  in  cancer  of  the  orgaua  of  digestion,  also  in  inanition  and  in 
psychosis.     Acetonuria  occurs  especially  often  in  children. 

Aceto-acetic  &cid  never  occurs  in  the  urrne  as  a  physiological 
constituent,  but  appears  under  the  same  circumstances  as  acetone. 
It  occurs  frequently  in  children,  in  high  fevers,  acute  exanthema. 
etc. 

Acetone,  dimethyl  ketone,  0,H,0  or  CO.(CH,), ,  is  a  thin  water- 
clear  liquid  boiling  at  56.5°  C,  and  with  a  pleasant  odor  of  fruit. 
It  is  lighter  than  water,  with  which  it  mixes  in  all  proportions,  also 
with  alcohol  and  ether.  The  most  important  reactions  for  acetone 
are  the  following: 

Lieben'9  Iodoform  Test.  When  a  watery  solution  of  acetone  is 
treated  with  alkali  and  then  with  some  iodine-pot:issinm -iodide 
solution  and  gently  warmed  a  yellow  precipitate  of  iodoform  is 
formed,  which  is  known  by  its  odor  and  by  the  appearance  of  the 
crystals  (six-sided  plates  or  stars)  under  the  microscope.  This 
reaction  is  very  delicate,  but  it  is  not  characteristic  of  acetone. 
fluNNiNo's  modification  of  the  iodoform  teat  consists  in  using  an 
alcoholic  solution  of  iodine  and  ammonia  instead  of  the  iodine  dis* 
solved  in  potassium  iodide  and  alkali  hydmte.  In  this  cose,  besides 
iodoform,  a  black  precipitate  of  iodide  of  nitrogen  is  formed,  hut 
this  gradually  disappears  on  standing,  leaving  the  iodoform  visihla 
This  modification  has  the  advantage  that  it  does  not  give  any  iodo-  ] 
form  with  alcohol.  On  the  other  hand,  it  is  not  quite  so  delicate,  I 
but  still  it  detects  0.01  milligramme  acetone  in  1  cc. 

Bbtnold's  mercuric-oxide  test  is  liased  on  the  power  of  acetone  ' 
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to  dissolve  fieahly-preci  pita  ted  IlgO.     A  mercuric-chloride  eolutioa 
iu  precipitated  by  nlcoholic  cauatie  potasb.     To  this  add  the  Uqnid 
to  be  tested  for  acetoue,  shake  well  iiud  filter.     In  the  presence  of 
acetone  the  filtrate  contains  mercury,  which  may  be  detected  byJ 
ammonium  sulphide.     This  test  hue  about  the  same  delicacy  HA--I 
Gdnninq's  test. 

Leual's  Sodium-nitroprusside  Test.     If  an  acetone  Bolution  Ib 
treated  with  a  few  drops  of  a  freshly-preimred  sodium-nitroprusside 
solution  aud  then  with  cauatic-potaah  or  soda  solution,  the  liquid 
is  colored  ruby-red.     Creatinin  gives  the  same  color;  but  if  we  sat-  • 
urate  with  acetic  acid,  the  color  becomes  carmine  or  purplish  red  ii 
the  presence  of  acetone,  but  yellow  and  then  gradually  green  and   i 
bine  in  the  presence  of  creatinin.     If  we  use  ammonia  instead  of  ' 
the  caustic  alkali  (Le  Nobel),  the  reaction  takes  place  with  acetone-  ■ 
but  not  with  creatinin.     Legal's  test  indicates  even  0.1  milligrm. 
acetone. 

Penzoldt's  indigo  test  depends  on  the  fact  that  orthonitroben-   ■ 
zaidehyde  in  alkaline  solution  with  acetone  yields  indigo.     A  warm 
saturated  and  then  cooled  solution  of  the  aldehyde  is  treated  with 
the  liquid  to  be  tested  for  acetone  and  then  with  caastic  sods. 
In  the  presence  of  acetone  the  liquid  first  becomes  yellow,  then 
green,  and  lastly  indigo  separates;  and  this  may  be  dieeolved  with  J 
a  blue  cojor  by  shaking  with  chloroform.     1.6  milligrms.  acetone  | 
can  be  detected  by  this  test. 

Aoeto-acetic  Acid,  or  Diacetic  Acid,  0,11,0,  or  C,H,O.GH,. 
COOII.     This  acid  is  a  colorless,  strongly -sicid  liquid  which  mixes 
with  water,  alcohol,  and  ether  in  all  proponiona.    On  heating  to  J 
boiling  with  water,  and  especially  with  acids,  this  acid  decomposes  1 
into  carbon  dio.tide  aud  acetone,  and  therefore  gives  the  above-   i 
mentioned  reactions  for  acetone.     It  differs  from  acetone  in  that  it  * 
gives  a  violet-red  or  brownish-red  color  with  a  dilute  ferric-chlorids   i 
solution.  This  color  decreases  even  at  the  ordinary  temperature    i 
within  34  hours,  and  more  quickly  on  boiling.     It  differs  in  this 
from  phenol,  salicylic  acid,  acetic  acid,  or  sulphocjauides. 

Detection  of  Acetone  and  Aceto-acetic  Acid  in  the  urine.     Before 
tefltJDK  for  aoeto-acetic  acid  test  for  acetone,  and  as  this  acid  gradu- 
ally di'Composes  on  allowing  the  urine  to  stand,  the  urine  must  be  i 
as  fresh  as  possible.     In  the  presence  of  aoeto-acetic  acid  the  urino  1 
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gives  the  ao-c.illed  Qerhardt's  reaction,  sbowing  a  wine-red  color 
OQ  the  addition  of  a  dilut<;,  not  too  acid,  ferric-chloride  Holution. 
Treat  10-50  c.  c.  of  the  urine  with  ferric  chloride  us  long  as  it  gives 
a  precipitate,  lilter  the  precipitate  of  ferric  pfaoBphute,  and  add 
Bunie  more  ferric  cldoride  to  the  filtrate.  In  the  presence  of  the 
acid  a  claret-red  color  is  produced.  After  this  heat  a  second,  similar 
portion  of  the  urine  to  boiling  until  faint  acid  reaction,  and  repeat 
tlic  teat  on  cooling,  which  should  now  give  negative  results.  A  third 
portion  of  urine  is  acidified  with  sulphuric  acid  and  shaken  with 
etiior  (which  takes  up  the  acid).  Now  shake  the  removed  ether 
with  a  very  dilute  watery  solution  of  ferric  chloride,  and  the  watery 
layer  becomes  violet-red  or  claret-red.  The  color  disappears  on 
warming. 

In  the  absence  of  aceto-acetic  acid  the  acetone  may  be  tested  for 
directly.  This  may  be  done  directly  on  the  urine  by  Leoal'b  and 
Penzoldt's  tests.  These  tests,  which  are  only  approximate  tests, 
are  only  of  value  when  the  urine  contains  a  considei'uble  amount  of 
acetone.  For  a  more  accurate  test  we  distil  at  least  250  c.  c.  of  the 
urine  faintly  acidified  with  sulphuric  acid,  care  being  taken  to  have 
a  good  cond.ensation.  Most  of  the  acetone  is  coutained  in  the  first 
10-20  c.  c.  of  the  distillate.  This  distillate  is  tested  for  acetone  by 
the  above  tests.  In  testing  for  acetone  in  the  simultaneous  pres- 
ence of  aceto-acetic  acid,  first  make  the  urine  faintly  alkaline,  and 
shake  it  carefully  with  ether  free  from  alcohol  and  acetone  in  a 
sepai-atory  funnel.  The  removed  ether  is  then  shaken  with  water, 
which  takes  up  the  actone,  and  then  the  watery  liquid  is  tested. 

/3-Oiybntyrie  Aoid,  C.H.O,  oi'  CH,.CH{0H).CH^COOH.  The 
appearance  of  this  acid  in  the  urine  was  first  positively  shown  by 
Minkowski,  Kitlz  and  Stadeluank.  It  occurs  especially  in  all 
difficult  oases  of  diabetes,  but  it  has  also  been  observed  iu  scarlet 
fever  and  in  measles,  in  scurvy,  and  in  diseases  of  the  brain. 
y3-oxybutyric  acid  is  accompanied  by  aceto-acetic  acid  in  the 
urine. 

i6-oiybntyric  acid  forms  an  odorless  syrup  which  mixes  readily 
with  water,  alcohol,  and  ether.  Thifl  acid  is  optically  active  and 
indeed  Iffivo-gyrate,  and  it  therefore  interferes  with  the  estimation 
of  sugar  in  the  urine  by  means  of  polarization.  It  is  not  precip- 
itated either  by  lead  acetate  or  liy  ammoniacal  basic  lead  acetate. 
On  boiling  with  water,  especially  in  the  presence  of  a  mineral 
acid,  this  acid  decomposes  into  «-crotonic  acid,  which  melts  at 
l\°-ir  C.,and  water:  CH,.CH(OII).CH^COOn  =H,0  +  CH,.cn : 


I 
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<Jtl.COOH.     It  yields  acetone  ou  oxidatiou  with  a  chiomate  mix- 
ture. 

Detection  of  p-Oxytnttyric  Acid  in  the  urine.  If  a  urine  ia  still 
Isevo-gyrate  after  fermentation  with  yeast,  the  presence  of  oxy bu- 
tyric acid  is  probable.  A  further  test  may  be  made,  according  to 
KUlz,  bj  eraponiting  the  fermented  urine  to  a  syrup,  and,  after  the 
addition  of  an  equal  volnme  of  concentrated  sulphuric  acid,  distil- 
ling directly  without  cooling,  a-crotonio  acid  is  produced  which  is 
distilled,  and  after  strongly  cooling  Che  distillate  is  collected  iu  a 
glass;  crystals,  which  melt  at  +  72  C,  separate.  If  no  crystola 
ara  obtained,  then  shake  the  distillate  with  ether,  and  test  the 
melting-point  with  the  residue,  which  has  been  washed  with  the 
water  obtained  after  evaporating  the  ether.  According  to  KiN- 
KowsKt,  the  acid  may  bo  isolated  as  a  silver-salt  (see  &'HHISDE- 
BBBa'fi  Archiv.  18,  35,  or  Fbesenius'  Zeitschrift,  24,  153). 

EoKUCu's  Uriin  Tut.     Mix  250  c.  c.  of  a  solution  wblcb  contaltiB  SO  c.  c 
HCl  &ad  1  griD.  sulphuiillc  acid  b  ooc  litre  wiili  S  c,  c.  of  a  \%  Bolullon  of 
•odium  nitrite  (whicb  produces  very  lillte  of  the  ftctive  bodj.  sulphodiaKobeQ- 
zol).    Id  perfonning  tbU  test  treat  tbe  urioe  witb  aa  eqUHl  toIudig  of  IhU 
mixture,  and   then  Bupusaturate  wllh  annnonla.     NorniHl  urine  will  become 
yellow  thereby,  or  orange  after  tbe  addition  at  ammonin  (aromatic  oxyacida 
may  soioelimes  give  aflera  certain  time  red  azo  bodies  whlcli  color  tbe  upper 
layer  of  pbospbate  aedimeot)      Iu  pathological  urines  we  soioedmes  bave  laud  i 
tliiia  Is  the  characlerislic  diazo  reuctiob)  a  primary  yellow  culoratiou,  with  ft   I 
very  marked  Esecondary  reil  coloratioo  on  Ibe  addiiiou  of  ammonia,  aod  tbo   1 
froth  is  also  tiDgi:d  witb  red.   Tbe  upper  lajcrof  llieGe^liment  becomes  green-   I 
lab.     Tbe  body  which  gives  Ibis  reaclion  Is  uuknowu.  but  it  occurs  eepeclally   I 
In  tbe  urine  of  typbiiu  patients  (EuBtiCB).     Views  are  divided  in  regard  lo   i 
tbe  sigDlAcance  of  this  reaction  (Eurlich.  Penzolj>t,  Ve.TR\,  Ebcbbriki. 

Pat  in  the  urine.  The  etimlnatiua  of  a  urine  which  in  appearance  and 
richness  in  fat  resembles  c^le  1h  called  ekyluria.  It  coulains  babituailv  al- 
bumin, and  often  librin.  duyluria  occurs  mostly  In  Ibe  iuliabiuinis  of  lbs 
tropica.  Lipuria,  or  llie  ellmiDaliou  of  fat  wiih  Mie  urioe,  may  appear  in  ap- 
parently healthy  persona,  somellmes  nitb  and  sometimes  wllhoul  albumlnurin. 
in  pregnancy,  and  also  in  certain  diseases,  as  iu  diabetes,  poisouing  with  phoa- 
phorui,  aud  faltr  degeneration  of  tlie  kidueys. 

Pal  U  usually  detected  by  the  microscope.    It  may  also  be  dissolved  with    j 
elber,  and  it  may  always  be  detected  by  evaporating  the  urine  to  dryness  and 
extracting  the  residue  with  etber 

CBOLESTBsrN  is  also  sometimes  found  in  tbo  urine  In  cbfltiria  and  I 
few  other  cases. 

Lbdcin  AJtD  Ttbobut.  These  bodies  are  found  in  the  nrine,  \ 
eapeciatly  in  acute  yellow  atrophy  of  the  liver,  in  acute  phosphorus-  ' 
poisoning,  and  in  difficult  cases  of  typhus  and  smallpox. 

DeUctutn  of  Uuein  and  tyrotin.  Tyroain  occurring  as  sediment  may  ba 
Identifled  by  means  of  tbe  microscope  :  but  if  a  positive  oroof  is  desired,  a 
ncryslalllzation  of  the  same  from  ammonia  or  ammoniacal  alcobol  Is  necessary. 

To  delect  both  these  bodies  when  Ihoy  occur  in  solution  in  the  urine,  pro- 
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c«d  in  the  following  manner  :  TLe  urine  free  frnin  sibuniin  ts  predpltntcd 
by  basic  lead  aceUtc.  Die  lead  removed  from  tlio  dltnie  by  H|S,  and  concen- 
tnted  ttB  much  aa  possible.  Tbe  rcsidue  ii  eilracled  wilL  a  gmall  auaniit;  of 
abBOlutu  alcoliul  to  remove  the  urea.     The  residue  Is  tben  boiled  with  f&iclty- 

smmoDiacal  alcohol,  tillered,  tbe  SItrate  evaporated  to  a  Bmall  volume  and 
allowed  to  crystallize.  If  no  lyrosin  crystals  ait  obtained  then  dilute  with 
water,  precipitate  again  with  lead  acetate,  and  proceed  as  tiefore.  If  tyrosin 
crystals  now  separate,  they  are  filtered  and  the  Ullrate  atill  further  cooceo- 
traied  to  obtain  the  leucin  crystals. 


Cyitin,  {CjII,NSO,),.     This  body  is,  according  to  BAtiUAKX,  to 

be   considered   as   diBulphido"'j{'^>C<g  ^^"■^.>C<^{j'^^  of 

the  previouBly-mentioned  cyatein,  C,H,NSO,  (|>ago  3!)3).  Thia  last 
subBtance,  cootatning  Btilphur,  is  considered  by  Bauuann  ne  pyri>- 
tartaric  acid,  wliosc  ketoite-oxygen  atom  ia  replaced  by  both  the 


monatoniic  groups  NH,  and  SH  or    iia>S< 


,COOH 
^CH,     ■ 

Batthann  and  Ooldmann  claim  that  a  substance  similar  to 
cystin  occurs  in  very  Bmall  amountB  in  normal  urine.  Cyetin  itself 
is  found  with  poeitivenoSB  only,  and  even  then  very  rarely,  in 
urinary  calculi  and  in  pathological  urines,  from  which  it  may 
separate  as  a  Bediment.  Cystinuria  occurs  ofteuer  in  men  than  in 
women.  Cystin  seems  to  be  an  abnormal  eptitting  product  of  tho 
albumins.  Badmann  and  v.  Udranszkt  found  in  urine  in 
cystinuria  the  two  diamins,  cadavtrm  (pentamethylen-diamin) 
and  pulrescin  (tetramethylon-diamin),  which  are  produced  in  the 
ptitreCaction  of  albumin  (Bribobr).  These  two  diamins  were  also 
found  in  the  contents  of  the  intestine  in  cystinuria;  under  other 
conditions  they  are  not  usually  present.  Tbe  author,  therefore, 
considers  that  some  connection  exists  between  the  formation  of 
diamins  in  the  intestine  by  th«  peculiar  putrefaction  in  cystinuria, 
and  cystinnria  itself.  Diamins  have  also  been  found  in  the  con- 
tents of  the  intestines  in  cystinuria  by  Stadthagen  and  Bbieobr. 

Cystin  cryBtallizes  in  thin,  colorless,  six-sided  plates.  It  is  notj 
soluble  either  in  water,  alcohol,  ether,  or  acetic  acid,  but  dissolvefl-l 
in  mineral  acids  and  oxalic  acid.  It  also  dissolves  in  alkalies  and  ia  J 
ammonia,  but  not  in  ammonium  carbonate.  Cystin  ia  optically] 
active  and  strongly  Itevo-rotary.  If  cystin  is  boiled  with  caustto  J 
alkali  it  decomposes,  yielding  among  other  products  alkali  Butpbidea,'! 
which  may  be  detected  by  lend  acetate  or  sodium  nitropruraide.    Ott^ 
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BO-called  macus,  a  few  epithelium -eel  la,  mucous  eorpuscIeB,  nnd 
urutD  particles.  If  ati  acid  urine  is  allowed  to  staiid  it  will  gradu- 
allj  change  :  it  becomes  darker  and  deposits  a  sediment  consisting 
of  uric  acid  or  urates  and  sometimes  also  caleium-oxalute  crystals, 
in  which  yeast-fungua  and  bacteria  are  often  to  be  aeen.  The 
cause  of  this  change,  which  the  earlier  investigators  called  "acii> 

FBBMKNTATIOS    OF    THE     CRIME,"     is,    according    to    SCIIKRER,  the 

mucus,  which  acts  like  an  enzyme  or  ferment,  producing  an  acetic- 
aoid  or  lactic-acid  fermentation,  precipitating  free  uric  acid  or  acid 
urates.  Aocording  to  Nbcbaueb,  an  actual  acid  fermentntion  may 
oocur  in  diabetic  urine,  but  this  change  in  the  urine  is  now 
generally  explained  in  other  ways.  According  to  Voir  and  Uof- 
HANK,  a  separation  ot  free  uric  acid  and  acid  urates  may  be  pro- 
duced without  any  increase  in  the  acid  reaction,  by  an  exchange  of 
the  di-hydi'ogen  alkali  phosphates  with  the  alkali  urate  on  cooling 
and  on  standing.  Simple  acid  phosphate  and,  according  to  the 
conditions,  acid  urate  or  free  uric  acid  are  formed.  A  gradual  pre- 
cipitation of  uric  acid  may  occur  not  only  without  an  increase  in 
the  acid  reaction,  but,  because  of  the  alkaline  reaction  of  the 
di-alkali  phosphate,  it  may  occur  with  a  simultaneous  decrease  of 
tlie  same. 

Earlier  or  later,  sometimes  only  after  several  weeks,  the  reaction 
of  the  original  acid  urine  changes  and  becomes  neutral  or  alkaline. 
The  urine  has  now  passed  into  the  "alkaline  fehmkstatios," 
which  consists  in  the  decomposition  of  the  urea  into  carbon  dioxide 
and  ammonia  by  means  of  lower  organisms,  micrococcus  ureie, 
bacteria  urece,  and  other  bacteria.  MrsccLUa  has  isolated  an 
enzyme  from  the  micrococcus  ureie  which  decomposes  urea  and  is 
soluble  in  water.  During  the  alkaline  fermentation  volatile  fatty 
acids,  especially  acetic  acid,  may  be  produced,  chiefly  by  the  fer- 
mentation of  the  carbohydnitus  of  the  urine  (SalKowski). 

If  the  alkaline   fermentation   has  only  advanced  so  far  aa  t 
render  the  reaction  neutral,  then  we  often  find  in  the  s 
fragments  of  uric-acid  crystals,  sometimes  covered  with  prismatid 
crystals  of  alkali  urate;  dark-colored  globules  of  ammonium  uratfl 
often  crystals  of  calcium  oxalate,  and  sometimes  crystallized  c 
oium  phosphate  are  also  found.     Crystals  of  ammonium-magnesium  ' 
phosphate  (triple  phosphate)  and  globules  of  ammonium  urate  are 
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epecially  characteristic  of  the  alkaline  formentation.  The  urine  in 
alkalioe  lermeDtation  becomes  paler  and  is  often  covered  with  a 
fine  membrane  which  coDtaios  amorphous  calcium  phosphate  and 
glistening  crjBtals  of  triple  phosphate  and  numerous  micro-organ- 


Hon-ot^fanised  Sediments. 

Urie  Acid.  This  acid  occurs  in  acid  nrinee  as  colored  cr7Bta!s 
which  are  identified  partly  by  their  form  and  partly  by  their  prop- 
erty of  giving  the  murexid  test.  Un  warming  the  urine  they  are 
not  dissolved.  On  the  addition  of  caustic  alkali  to  the  sediment 
the  crystals  dissolve,  and  when  a  drop  of  this  solution  is  placed  on  s 
microscope-slide  and  treated  with  a  drop  of  hydrochloric  acid,  small 
crystals  of  uric  acid  are  obtained  which  are  easily  seen  under  the 
microscope. 

Acid  Urates.  These  only  occur  in  the  sediment  of  acid  or 
neutral  urines.  They  are  amorphous,  clay-yellow,  brick-red,  roae- 
oolored,  or  brownish  red.  They  differ  from  other  sediments  in 
that  they  diasolve  on  warming  the  urine.  They  give  the  mnreiid 
test,  and  small  microscopic  crystals  of  nric  acid  separate  on  the 
addition  of  hydrochloric  acid.  Crystalline  alkali  urates  occur  very 
rarely  in  the  arine,  aiul  as  a  mie  only  in  such  as  have  become 
neutral  but  not  alkaline  by  the  alkaline  fermentation.  The  crys- 
tals are  somewhat  similar  to  those  of  neutral  calcium  phosphate, 
hut  are  not  dissolved  by  acetic  acid  but  give  a  cloudiness  therewith  J 
due  to  small  crystals  of  uric  acid. 

Amvwvium  urate  may  indeed  occur  as  a  sediment  in  a  neutral  ^ 
urine  which  at  first  was  strongly  acid  and  has  become  neutralized 
by  the  alkaline  fermentation,  but  it  is  only  characteristic  of  am- 
moniacal  nrines.  This  sediment  consists  of  yellow  or  brownish, 
rounded  globules  which  are  often  covered  with  thorny^shaped 
prigms  and,  because  of  this,  are  rather  large  and  resemble  the  thorn- 
apple.  It  gives  the  murexid  test.  It  is  dissolved  by  alkalies  with 
the  development  of  ammonia,  and  crystals  of  uric  acid  separate  on 
the  addition  of  hydrochloric  acid  to  this  solution. 

Calcium   oxalate  occurs   in   the  Bodiment  generally  as  small,  ' 
shining,  strongly-refractive-qnadratic  octahedra,  which  on   micro- 
Kopical  eiamination  remind  one  of  a  letter-envelope.     The  crya- 


TUE  URLlfE. 


428 


tals  can  qdIj  be  mistaken  for  email,  not  fully-developed  crystalg  of 
ammoDium-magncaium  phosphate.  Tht'j  differ  from  tbese  by 
their  insolubility  in  acetic  acid.  The  osaliite  may  also  occur  ae 
flat,  oval,  or  nearly-circular  disks  with  central  cavities  which  from 
the  side  appear  like  an  hour-glafis.  Ciiluium  oxalate  may  occur  as 
a  sediment  iu  an  acid  oa  well  as  in  a  neiitnil  or  alkaline  urine. 
The  quantity  of  calcium  oxalate  separated  from  the  urine  us 
sediment  depends  not  only  upon  the  amount  of  this  salt  present, 
hut  also  upon  the  acidity  of  urine.  The  solvent  for  tlie  oxalate  in 
the  urine  seems  to  be  the  doublo-acid  alkali  phospliatc,  and  the 
greater  the  quantity  of  this  suit  in  the  urJne  the  greater  tlie 
cjuantity  of  oialate  in  solution.  When,  aa  above  mentioned  (page 
427),  the  simple-acid  phosphate  is  formed  from  the  double-acid 
phospliate,  on  allowing  the  urine  to  stand,  a  iiorreapondiug  part  of 
the  oxalate  may  be  separated  as  sediment. 

Calcium  carbonate  occurs  in  coni^identble  quautitica  ae  aodiment 
iu  the  urine  of  herbivora.  It  only  occurs  in  small  quantities  as  a 
sediment  in  human  urine,  and  indeed  only  in  alkaline  urinea.  It 
has  either  almo!<t  the  same  appearance  as  amorphoua  calcium 
oxalate,  or  it  ocoura  as  somewhat  larger  globules  with  concentric 
bands.  It  diHsolvee  in  acetic  acid  with  the  generation  of  gas,  which 
diflerentiatea  it  from  calcium  oxalate.  It  is  not  yellow  or  brown 
like  ammonium  urate  and  does  not  give  the  murcxid  teet. 
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Calcium  phosphate.  The  calcium  triphosphate,  Ca,(PO,),, 
which  only  occurs  in  alkaline  urines,  is  always  amorphous  and 
occurs  partly  aa  a  colorless,  very  fine  powder  and  partly  aa  a  mem- 
brane consisting  of  very  fine  granules.  It  differs  from  the  amor- 
phoua urates  in  that  it  is  colorless,  dissolves  in  acetic  acid,  but 
remains  undissolved  on  warming  the  urine.  Calciuu  diphos- 
phate, CallPO,  -I-  2H,0,  occurs  in  neutral  or  only  iu  very  faintly, 
acid  urine.  It  is  found  sometimes  as  a  thin  film  covering  the 
urine,  and  sometimes  as  a  aedimout.  In  crystallizing  the  crystals 
may  be  single,  or  they  may  cross  one  another,  or  they  may  be  ar- 
ranged in  groups  of  colorless,  wedge-ehaped  crystals  whose  wide  end 
is  sharply  defined.     These  crystals  differ  from  crystalline  alkaline 
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a  formation  takes  place,  for  iiiBtancc,  when  a  foreign  body  in  the 
bladder  produces  catarrh  accompanied  by  alkaline  fenntrntation. 

We  di^riminate  between  the  nucleus  or  nuclei — if  euch  oun  be 
seen — and  the  different  layers  of  the  calculus.  The  imcltins  may 
be  essentially  different  in  different  ca«e8,  for  quite  frequently  it 
consists  of  a  foreign  body  introduced  into  the  bladder.  The  calcu- 
lus may  hitve  more  than  one  nucleus.  In  a  tabulation  made  by 
ULTZUAKI4  of  545  cases  of  urinary  calculi,  the  nucleus  cousisted  in 
80.9^  of  the  cases,  of  uric  acid  (and  urates);  in  5.6^,  of  calcium 
oxalate;  In  8. 6;£,  of  earthy  phosphates  ;  in  1.4^,  of  cyetin;  and  in 
3.3;*,  of  some  foreign  body. 

During  the  growth  of  a  calculus  it  often  happens  that,  for  some 
rensoa  or  other,  the  original  calculus- forming  substance  is  covered 
with  another  layer  of  a  different  substance.  A  new  layer  of  the 
original  substance  may  deposit  on  the  outside  of  this,  and  this  pro- 
cess mity  be  repeated.  In  this  way  a  calculus  consisting  originally 
of  a  simple  stone  may  be  converted  into  a  so-called  compound  stone 
with  several  layers  of  different  substancea  Such  calculi  are  always 
formed  when  a  primary  formation  is  changed  into  a  secondary.  By 
the  continued  action  of  an  alkaline  urine  containing  pus,  the  prim- 
ary constituents  of  an  originally  primary  calculus  may  be  partly 
dissolved  and  be  replaced  by  phosphates.  Metamorphosed  urinary 
calculi  are  formed  in  this  way. 

Uric-acid  calculi  are  very  abundant.  They  are  variable  in  size 
and  form.  The  size  of  the  bladder-stone  varies  from  that  of  a  pea 
or  bean  to  that  of  a  goose-egg.  Uric-acid  atones  arc  always  colored ; 
generally  they  are  grayish  yellow,  yellowish  brown,  or  pale  red- 
brown.  The  upper  surface  is  sometimes  entirely  even  or  smooth, 
sometimes  rough  or  uneven.  Next  to  the  oxalate  calculus,  the  d 
acid  calculus  is  the  hardest.  The  fractured  surface  shows  regular 
concentric,  unequally-colored  layers  which  may  often  bo  removed 
as  shells.  These  calculi  are  formed  primarily.  layers  of  uric-acid 
sometimes  alternate  with  other  layers  of  primary  formation,  most 
frequently  with  layers  of  calcium  oxalate.  The  simple  uric-acid 
calculus  leaves  very  little  residue  when  burnt  on  a  platinum  foil. 
It  gives  the  mnrexid  test,  but  there  is  no  mentionahle  development 
of  ammonia  when  acted  on  by  caustic  sods. 

Ammonium-urate  calculi  occur  aa  primary  calculi  in  new-born 
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or  Doraing  iufants,  rarely  in  grown  peiuons.  They  often  ocoar  u 
a  secondary  formation.  The  primary  stoues  are  small,  with  s  pale- 
yellow  or  dark-yellowish  eurfaco.  When  moist  they  are  almost  like 
doagh  ;  in  the  dry  state  they  are  earthy,  easily  crumbling  into  » 
pale  powder.  They  give  the  murexid  test,  and  develop  much  am- 
monia  with  caustic  eoda. 

Calcium -oxalate  calculi  are,  next  to  uric-acid  calculi,  the  most 
abundant.  They  are  either  Bmooth  and  sinall  (ueup-seed  sxOitb) 
or  larger,  of  the  aize  of  a  ben's  egg,  with  rougb,  uneven  surface,  or 
their  surface  is  covered  with  prongs  (mulbebky  calculi).  These 
calculi  produce  bleeding  easily,  and  therefore  they  often  have  a 
dark-brown  surface  due  to  decomposed  blood-coloring  matters. 
Among  the  calculi  occurring  in  man  thesu  am  the  hardest.  They 
dissolve  in  hydrochloric  acid  without  developing  gas,  but  are  not 
soluble  in  acetic  acid.  After  gently  beating  the  powder  it  diseolvea 
in  acetic  acid  with  frothing.  After  strongly  beatiug  the  powder  it 
is  alkaline,  due  to  the  production  of  quick-lime. 

Phosphate  Calculi.    These,  which  consist  mainly  of  a  mixtui^ 
of  the  normal  phosphate  of  the  alkaline  earths  with  triple  pbo 
phate,  may  be  very  lurge.    They  are  as  a  rule  of  secondary  formor  J 
tion,  and  contain  besides  these  phosphates  also  some  ammonium   ' 
nrate  and  calcium  oxalate.     These  calculi  ordinarily  consist  of  a 
mixture  of  these  three  constituents,  earthy  phosphate,  triple  phos- 
phate, and  ammonium  ur-ite,   surrounding  a  foreign   body  as  a 
nucleus.     Their  color  is  variable — white,  dingy  white,  pale  yellow, 
sometimes  violet  or  lilac-colored  (from  indigo-red).     The  surface  is 
always  rough.     Calculi  consisting  of  triple  phosphate  alone  are  sel- 
dom found.    They  are  ordinarily  small,  with  granular  or  radiated 
crystalline  fracture.     Stones  of  simple-acid  calcium  pliosphate  are 
also  seldom  obtained.    They  are  white  and  have  a  beautiful  crystal- 
line texture.    The  pbosphatic  calculi  do  not  burn  up,  and  the  pov* 
der  dissolves  in  acid  without  eServescence,  and  the  solution  give(f.| 
the  reactions  for  phosphoric  acid  and  alkaline  earths.     The  triple  * 
phosphate  calculi  generates  ammonia  on  the  addition  of  an  alkali, 

Cattium  earbonaU  calculi  occur  I'lilelly  Id  herbiviira.  Tbev  are  aeldOD 
[nund  in  man.  Tbey  liave  moally  chalky  nronerliea.  siid  Are  ordinarily  wbiU 
They  are  completely  or  in  crent  pnrt  iliwinlvetl  b_v  ucUU  with  effervescence. 

Ql/tlia  calculi  occur  bill  aeldum.     They  arc  of  pvlmary  fonuation,  of  vail-  J 
OU>iiizt»,  Koioelimes atiaioJug  llie  si'zl-  <>!  n  lieu'ii  egg,    Tliey  Lave  a  snioutb  of  I 
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rough  surface,  are  while  or  pale  yellow,  and  have  a  cryHUHine  fracture.  They 
are  not  very  linrd  ;  Ihev  bum  up  almost  entirely  on  a  platinum  foil,  burning 
with  a  bluish  tlume.     'They  give  the  above-mcutioDed  reucliuoB  for  L-ystic. 

XauOiin  caUuti  are  very  rai'ely  found.  They  are  also  of  primary  lormallon. 
They  vary  from  the  size  of  a  pea  to  that  of  a  heu's  cgK.  Thm  are  whlCteh, 
yeilowiiih  browu,  or  cinnamon -brown  iu  color,  medium  hard,  with  amorphous 
fracture,  and  oa  nibbing  appear  like  wax.  Thuy  burn  up  conipli-lely  when 
healed  on  a  platinum  foil.  They  give  the  xamhin  reaction  with  nitdc  acid 
and  alkali,  but  this  must  uoL  be  mistaken  for  the  murexld  test. 

UrotUalUli  eatev,U  have  only  been  observed  a  few  times.  In  the  moist  state 
ihay  UK  soft  and  elastic  at  the  temperature  of  the  body,  but  in  the  ilry  slate 
they  are  hritiie.  with  an  amorphoua  fracture  and  waxy  appcanuice.  They 
burn  with  an  Jltumliiating  flame  when  heated  oil  n  ptatiuum  foil,  and  generate 
an  odor  similar  lo  reain  or  shellac.  Such  a  calculus,  Investigated  by  KnOHEN- 
BBRe,  coDsiBtcd  of  pamfflne  derived  from  a  panifllae  bougie  used  as  a  sound 
OD  the  patient.  Perhaps  the  uriistealith  calculi  observed  In  other  cases  bad  a 
similar  origin,  although  the  subalances  of  which  they  consisted  have  not  been 
closely  studied. 

Farin  ealtiiU  sometimes  oc^rur.  They  consist  of  more  or  less  changed 
Obrln  coagulum.     On  iiurulng  they  develop  an  odor  of  burnt  bom. 

The  chmnical  investigation  of  urinary  calculi  is  of  great  practi- 
chI  iiiip[>rtaiice.  To  make  such  an  exami  nation  actually  instructive 
it  IB  neoeesary  to  invoatigate  aepanit"ly  tho  diileieiit  layers  which 
coiietitiite  the  calcLilua.  For  this  purpose  kiw  the  cuIoiiIub,  which 
haa  been  wrapped  in  papei-,  with  a  fine  saw  so  thut  the  nucleus  is 
sawed  through  und  acce^ssible.  Then  peel  off  the  different  layers, 
or,  if  the  stone  is  to  be  kept,  scrape  off  enough  of  the  powder  from 
each  layer  for  examination.  Tins  powder  ia  then  tested  by  heating 
on  a  platinum  foih  It  must  not  be  forgotten  that  a  calculus  is 
never  entirely  burnt  up,  and  also  that  it  is  never  so  free  from 
organic  matter  thut  on  heatiug  it  does  not  carbonize.  Do  not, 
therefore,  lay  too  great  stress  on  a  very  insignificant  unbu  rut  residue 
or  on  a  very  small  amount  of  organic  matter,  but  consider  the  cal- 
cnlns  in  the  former  case  as  completely  burnt  and  in  the  latter  as 
not  burnt. 

When  the  powder  is  in  great  part  burnt  up  but  a  significant 
quantity  of  unburnt  residue  remains,  tlien  the  powder  in  uuoetion 
contains  as  a  rule  urates  mixed  with  inorganic  budios.  in  sucii 
cases  remove  the  urate  with  boiling  water,  and  then  test  tbf  filtrate 
for  uric  acid  and  the  expected  bases.  Tho  residne  ia  then  tested 
according  to  the  following  schema  of  Heller,  which  ia  well  a<lapted 
to  the  investigation  of  urinary  calculi.  In  regard  to  more  detailed 
examinatiou  the  reader  is  referred  to  special  works  oa  the  subject. 
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CHAPTER    XV. 

THE  EXCHANGE  OP  MATERIAL »  WITH  VARIOUS  FOODS  AND 

THE  DEMAND  FOR  POOD  IN  MAN. 

The  conversion  of  chemical  tension  into  living  energy,  which 
characterizes  animal  life,  leads,  as  previously  stated  in  Cliapter  I, 
to  the  formation  of  the  relatively  simple  compounds,  carbon 
dioxide,  urea,  etc.,  which  leave  the  organism  and  which  moreover, 
being  very  poor  in  chemical  tension,  are  for  this  reason  of  no  or 
very  little  value  for  the  body.  It  is  therefore  absolutely  necessary 
for  the  continuance  of  life  and  the  normal  course  of  the  functions 
of  the  body,  that  the  organism  and  its  different  tissues  should  be 
supplied  with  new  material  to  replace  that  which  has  been  exhausted. 
This  is  accomplished  by  means  of  food.  Those  bodies  are  de- 
signated as  food  which  have  no  injurious  action  upon  the 
organism  and  which  replace  those  constituents  of  the  body  that  have 
been  consumed  in  the  exchange  of  material  or  that  can  prevent 
or  diminish  the  consumption  of  such  constituents. 

Among  the  numerous  dissimilar  substances  which  man  and 
animals  take  with  the  food  all  cannot  be  equally  necessary  or  have 
the  same  value.  Some  perhaps  are  unnecessary,  while  others  may 
be  indispensable.  We  have  learned  by  direct  observation  and  a 
wide  experience  that  besides  the  oxygen,  which  is  necessary  for 
oxidation,  the  essential  foods  for  animals  in  general,  and  for  man 
especially,  are  water,  mineral  bodies,  proteid  bodies,  carbohydrates^ 
and  fats. 

It  is  also  apparent  that  the  various  groups  of  food-stuffs  neces- 

1  The  translator  will  use  in  the  following  pages  for  the  Carman  word 
"  8ioffweeh9er*  Dr.  Burdon-Sanderson's  (Syllabus  of  Lectures,  1879)  transla- 
tion, exchange  of  nuUerial,  and  at  the  same  time  the  more  general  term 
"  metabotiem." 
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sarj  for  the  tiseitee  and  organs  must  be  of  different  importance; 
thus,  for  instance,  wator  and  tlie  mineral  bodies  have  another  task 
than  the  organic  foods,  iiiid  these  aguin  must  vary  in  importance 
among  themeeivee.  The  knowledge  of  the  action  of  varioas  nutri- 
tive  bodies  on  the  exchange  of  material  from  a  qualitative  as  well 
as  a  quantitative  point  of  view  must  be  of  fundamental  importance 
in  determining  the  value  of  different  nutritive  substances  relittive 
to  the  demands  of  the  body  for  food  under  various  conditions  and 
also  in  deciding  many  other  questions,  for  instance  the  proper 
nutrition  for  an  individual  in  health  and  in  disease. 

Such  knowledge  can  only  be  attained  by  a  series  of  systematic 
and  thorough  observations,  in  which  the  quantity  of  nutritive 
material,  relative  to  the  weight  of  the  body,  ttiken  and  ahsorbed  in 
a  given  time  is  compared  with  the  quantity  of  final  products  of  the 
exchange  of  material  which  leave  the  organism  at  the  same  time. 
Researches  of  this  kind  have  been  made  by  several  investigators,  bnt 
above  all  should  be  mentioned  those  made  by  Bis<'Uofp  and  Von, 
by  Pbttbnkofer  and  Voit,  and  by  Voit  and  his  school. 

It  is  absolutely  necossary  in  researehua  on  the  exchnnge  of 
materia!  to  be  able  to  collect,  analyze,  and  quantitatively  estimate 
the  excretions  of  the  organism  so  that  they  may  be  compared  with 
the  qnantity  and  composition  of  the  nutritive  bodies  taken  up.  In 
the  first  place,  one  must  know  what  the  habitual  excretions  of  the 
body  are  and  in  what  way  these  bodies  leave  the  organism.  One 
must  also  have  trustwoi-thy  methods  for  the  quantitative  estimation 
of  the  same. 

The  organism  may,  under  physiological  conditions,  be  exposed 
to  aoctdentjil  or  periodic  losses  of  valuable  material^-auch  loisses 
as  only  occur  in  certain  individuals,  or  in  the  same  individual  only 
at  a  certain  period;  for  instance,  the  secretion  of  milk,  the  produc- 
tion of  pus,  the  ejection  of  semen,  or  menstml  blood.  It  is  therefore 
apparent  that  these  losses  can  only  be  the  subject  of  investigation 
and  estimittion  in  special  cbbcs. 

The  regular  and  constant  excretions  of  the  oi^nism  are  of  the 
very  grcntuHt  importance  in  the  study  of  the  exchange  of  material. 
To  these  belong,  in  the  first  place,  the  true  final  produots  of  the 
exchange — carbon  dioxide,  urka  (uric  acid,  hippuric  acid, 
creatinin,  and  other  urinary  constituents),  and  a  part  of  the  watsr. 
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The  reniaiiKler  of  the  water,  the  mineral  bodiea,  and  those  secretions 
or  tiesue-constituenta — mucus,  digestitb  fluids,  sebum,  sweat, 
and  EPIDERMIS  FORMATioss — whioli  are  either  poured  into  the 
inteBtintil  tract,  or  secreted  from  the  surface  of  the  body,  or  brolieii 
off  and  thereby  lost  for  the  body,  also  belong  to  the  constant  excreta. 
The  remaioB  of  food,  soDietimes  indigestible,  Bometimes  digest- 
ible but  not  acted  upon,  contained  in  the  fieces,  which  vary  in 
quantity  and  composition  with  the  nature  of  the  food,  also  belong 
to  the  excreta  of  the  organism.  Even  though  these  remains,  which 
are  never  absorbed  and  therefore  are  never  constituents  of  the 
animal  fluids  or  tissues,  cannot  be  considered  as  excreta  of  the  body 
in  a  strict  sense ;  still  their  quantitative  estimation  is  absolutely 
necessary  in  experiments  on  the  exchange  of  material. 

The  determination  of  the  constant  loss  is  in  some  cases  accom- 
panied with  the  greatest  difUculties.  The  loss  from  the  detached 
epidermis,  from  tbe  secretion  of  the  sebaceous  glands,  etc.,  cannot 
be  determined  with  exactness  without  difficulty,  and  therefore — as 
they  do  not  occasion  any  mentionable  loss  because  of  their  small 
quantity — they  need  not  be  considered  in  quantitative  experiments 
on  the  exchange  of  material.  This  also  applies  to  the  constituonta 
of  the  mucus,  bile,  pancreatic  and  intestinal  juices,  etc.,  occurring 
in  the  contents  of  the  intestines  and  which,  leaving  the  body  with 
the  fieces,  cannot  be  separated  from  the  other  contents  of  the 
intestines  and  therefore  cannot  be  quantitatively  determined  sepa- 
rately. The  uncertainty  which,  becanso  of  the  intimated  difficulties. 
attaches  iteelf  to  the  results  of  the  experiments  ia  very  small  us 
compared  to  tlie  variattoo  which  is  caused  hy  different  individuali- 
ties, different  modes  of  living,  different  foods,  etc.  No  general  but 
only  approximate  value  can  therefore  be  given  for  the  constant 
excretions  of  the  human  body. 

The  following  figures  represent  the  quantity  of  excreta  for 
24  hours,  with  a  mixed  diet,  of  a  grown  man  weighing  60-70  kilos. 
The  numbers  are  compiled  from  the  results  of  different  investi- 
gators. Oram  111  w, 

Wnler 3300-850(1 

8BlU(witb  the  urine) ao-80 

CarboQ  dioxide 760-900 

Urea 20-40 

Otber  ailrogenlzed  urinaiy  oODatttucntS %-!> 

Solids  iu  ttie  eicremeDU SO-50 
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These  total  excreta  are  approximately  divided  among  the  various 
excretiona  in  the  following  way — ^btit  etill  it  must  not  be  forgotten 
that  this  division  may  vary  to  a  great  extent  under  various  external 
circumstances:  by  hesfikation  about  32;(,  by  the  evaporatios 
PROM  THE  8KIK  11%,  with  the  UKiKB  46-47^^,  and  with  the  excre- 
ments 5~9;t.  The  elimiDation  by  the  sicin  and  lungs,  which  is 
BometimeB  differentiated  by  the  mime  "  PERflPiitATio  insensibilis" 
from  the  visible  elimination  by  the  kidneye  and  intestine,  ie  on  an 
average  about  50)£  of  the  total  elimination.  This  proportion,  only 
quoted  relatively,  is  subject  to  considerable  variation,  because  of  the 
great  difference  in  the  loss  of  water  through  the  skin  and  kidneys 
under  different  circumetauceB. 

About  90)6  of  the  wiiter  in  carnivora  is  excreted  through  the 
kidneys.  In  lierbivora  the  excrements,  which  arc  30-50^  of  the 
total  excreta,  may  indeed  eliminate  60s(  of  the  water.  In  man  only 
a  smaller  fraction  of  the  water  (about  5^)  is  eliminated  with  the 
fsecca,  and  the  great  mass  of  the  water  is  divided  between  the  kid- 
neys, lungs,  and  skin. 

The  nitrogenized  constituents  of  the  excretions  consist  chiefly 
of  urOii,  or  uric  acid  in  certain  animals,  and  the  other  nitrogenized 
urinary  constituents.  A  disproporttonally  large  part  of  the  nitrogen 
leaves  the  body  with  the  urine;  and  as  the  nitrogenized  constitu- 
ents of  this  excretion  are  final  products  of  the  transformation  or 
metabolism  of  proteids  in  the  organism,  the  quantity  of  proteids 
transformed  in  the  body  may  be  easily  calculated  by  multiply- 
ing the  quantity  of  nitrogen  in  the  urine  by  the  coefficient 
6.25  (Y^  ~  6.25),  if  we  admit  that  the  proteids  contain  in  round 
numlKtrs  iG%  nitrogen. 

Still  another  question  is  whether  the  nitrogen  leaves  the  body 
only  with  the  urine  or  by  other  channels.  This  last  ia  habitually 
the  case.  The  discharges  from  the  intestine  always  contain  some 
nitrogen  which  has  a  twofold  origin.  A  part  of  this  nitrogen  de- 
pends upon  undigested  or  non-iibBorbod  remnants  of  food,  and  an- 
other part  on  the  non-absorbed  remains  of  digestive  secretions — 
bile,  pancreatic  juice,  intestinal  mnciis— and  of  epithelium-celle  of 
the  mucous  membrane.  It  follows  that  a  part  of  the  nitrogen  of 
fiecea  has  this  last- mentioned  origin  from  the  fact  that  diecliarges 
from  the  intestine  occurs  also  in  complete  inanition. 
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If  the  question  to  bo  decided  is,  how  mnch  of  the  nitrogenised 
bodies  is  absorbed  in  certain  modes  of  nutrition  or  after  tuking  a 
certuiu  qnatitity  of  food,  then  naturally  the  quantity  of  nitrogen 
originiiting  from  the  food  and  leaving  the  body  with  the  excre- 
ments muBt  be  Biibtnicted  from  the  total  quantity  of  nitrogen  taken 
up  with  the  food.  To  obtain  the  quantity  of  nitrogen  leaving  the 
body  with  the  excrements  it  is  necessary  to  subtract  from  the  total 
quantity  of  nitrogen  of  the  excrements  the  quantity  of  nitrogen 
coming  from  the  digestive  tract  itself  and  its  secretions,  and  the 
amount  of  this  hist  must  be  known. 

It  is  obvious  that  exact  results  which  answer  for  all  times  can* 
not  be  given  for  that  part  of  the  nitrogen  which  has  its  origin  in 
tlie  digestive  canal  and  fluids.  It  may  not  only  vary  in  different 
individuals,  but  also  in  the  same  individmtl  after  more  or  iess  active 
secretion  and  absorption.  In  the  attempts  made  to  determine  this 
part  of  the  nitrogun  of  the  excrements  it  has  been  found  that  in 
man,  on  non-nitrogenized  or  nearly  nitrogen-free  food,  it  amounts 
in  round  numheis  to  about  1  grm,  per24  hours  (Riedeb;  Rubner). 
During  starvation,  in  which  a  smaller  quantity  of  digestive  secre- 
tions is  eliminated,  it  is  less.  MuLLBB  found  in  his  observations 
on  the  faster  Cetti  that  only  0.2  grm.  nitrogen  was  derived  from 
the  intestinal  canal. 

Nitrogen  also  leaves  the  body  through  the  horn  formation.  The 
quantity  which  is  lost  in  this  manner  is,  though  it  cannot  be  ex- 
actly determined,  insignlKomt.  Man  loses  only  about  0.3  grm. 
nitrogen  daily  by  means  of  the  hair  and  nails  (MoLEScnorr)  ami 
about  0.3-0.5  grm.  by  the  scaling-off  of  the  skin.  The  quantity  of 
nitrogen  which  leaves  the  body  under  ordinary  circumstances  by 
tiie  perspiration  must  bo  so  small  that,  like  the  loss  by  the  horny 
structure,  it  need  not  be  considered  in  eiperiments'on  the  exchango 
of  material.  The  elimination  of  nitrogen  by  tho  perspiration  need 
only  be  coniiidored  in  cases  of  profuse  sweating. 

The  view  was  formerly  held  that  in  man  and  carnivora  an  elim- 
ination of  gaseous  nitrogen  took  place  through  the  skin  and  lungs, 
and  because  of  this,  on  compiiring  the  nitrogen  of  tho  food  with 
that  of  the  urine  and  faeces,  a  nitrogen  deficit  occurred  in  the  vis- 
ible elimination. 

This  question  baa  been  the  subject  of  mnch  discussion  and  of 
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namerons  inveBtigationa.  The  coticIuBion  has  been  drawn  from 
the  researches  of  Regnault  and  Reiskt  on  reapimtion  that  also 
an  exhalation  of  nitrogen  tukes  place.  Sebqen  and  Nowak  espe- 
cially have  recently  endeavored  to  prove  the  correctness  of  this  con- 
cluBion,  Snch  an  experiment  U,  however,  accompftnied  with  so 
many  difiiculties,  and  there  are  so  many  soarcea  of  error,  that  it  can 
scarcely  be  considered  aa  conclusive.  In  fact,  Pettenkofkr  and 
VoiT  have  demoustrated  the  existence  of  errors  in  the  ex[>ertnienta 
of  Seeobn  and  Nowak.  On  the  other  hand,  Ppluger  and  Leo 
have  found  no  appreciable  exhalation  of  nitrogen  in  rabbits.  Also 
many  investigators,  especially  Voir,  Pbttenkofbb  and  Voir  and 
Ramke,  have  shown  by  cxperimentA  on  man  that  with  the  proper 
amount  and  quality  of  food  we  can  bring  the  body  into  nitkooe- 
Nous  EQUiLiBRiuu,  in  which  the  quantity  of  nitrogen  voided  with 
the  urine  and  ffficea  is  ei^ual  to  the  quantity  contained  in  the  food. 

The  experiments  raside  by  Gedbeb  in  Voit's  institute  seem  to 
be  especially  conclusive  on  this  point.  Gruber  fed  a  dog  seventeen 
days  on  meat  wliich  in  :tll  contained  368.53  grms.  nitrogen,  and  he 
found  in  the  sjime  time  368.28  grms.  nitrogen  in  the  urine  and 
fieces.  Prom  this  and  other  experiments  we  may  conclude  with 
VoiT  that  a  deficit  of  nitrogen  does  not  exist ;  or  if  we  consider  the 
above-mentioned  very  small  loss  of  nitrogen  through  the  horny 
structure,  etc.,  it  is  so  insignificant  that  in  experiments  upon  the 
exchange  of  material  it  need  not  be  considered.  In  investigationa 
on  the  metabolism  of  proteide  in  the  body,  ordinarily,  it  is  only 
necessary  to  considt'r  the  nitrogen  of  the  urine  and  ffficea,  but  it 
ninst  be  remarked  that  the  nitrogen  of  the  urine  is  a  measure  of  the 
extent  of  the  metabolism  of  the  proteids  in  the  body,  while  the 
nitrogen  of  the  fteces  (after  deducting  eomewijut  less  than  1  grm. 
en  mixed  diet)  is  a  measure  of  the  uon-absorbed  part  of  the  nitrogen 
of  the  food. 

In  the  oxidation  of  the  proteids  in  the  organism  their  sulphar  J 
is  oxidized  into  sulphuric  acid,  and  on  this  depends  the  fact  that  I 
the  elimination  of  sulphuric  acid  by  the  urine,  which  in  ma 
only  to  a  small  extent  derived  from  the  sulphates  of  the  food,  makes  \ 
nearly  equal  variations  as  the  elimination  of  nitrogen  by  the  urine. 
If  we  consider  the  amount  of  nitrogen  and  sulphur  in  the  proteids 
aa  16]t  and  lit  respectively,  then  the  proportion  between  the  nitrogen 
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of  the  proteida  and  the  sulphuric  acid,  II,SO,,  produced  by  their 
burning,  js  in  the  ratio  5.2 : 1,  or  about  the  same  us  in  the  urine 
(see  page  382).  The  determination  of  the  quantity  of  sulphuric 
aoid  eliminated  with  the  urine  gives  us  an  imiwrtant  means  of  con- 
trolling  the  extent  of  the  transformation  of  protcids,  and  such  & 
control  is  especially  important  in  cases  in  which  we  wish  to  study 
the  action  of. certain  nitrogenized  non-albumiuons  bodies  on  the 
metabolism  of  proteids.  A  determination  of  the  nitrogen  alone  ia 
not  in  Buch  cases  sufficient. 

If  it  is  found,  on  comparing  the  nitrogen  of  the  food  with  that  of 
the  urine  and  fffices,  that  there  is  an  excess  of  the  first,  this  means 
that  the  body  has  increased  its  stock  of  nitrogenized  substances — 
proteids.  If,  on  the  contrary,  the  nriue  and  fasces  contain  more 
nitrogen  than  the  food  taken  at  the  same  time,  this  denotes  that 
the  body  is  giving  up  part  of  its  nitrogen — that  is,a  part  of  its  own 
proteids.  We  can  from  the  quantity  of  nitrogen,  as  above  stated, 
calculate  the  corresponding  quantity  of  proteids  by  multiplying  by 
6.2S.  Usually,  according  to  Voit's  proposition,  the  nitrogen  of 
the  urine  ia  not  calculated  as  decomposed  proteids,  but  as  decom- 
posed muscle-subBtance.  Flesh  cotitaius  on  an  average  about  ZA% 
nitrogen,  and  each  gramme  of  nitrogen  of  the  uriue  corresponds  ia 
round  numbers  to  about  30  grms.  flesh. 

A  disproportionally  large  part  of  the  carbon  leaves  the  body  aa 
carbon  dioxide,  which  escapes  chiefly  through  the  lunge  and  skin. 
The  remainder  of  the  cjtrbon  is  eliminated  under  the  form  of 
organic  combinations  by  the  urine  and  freces,  in  which  the  quantity 
of  carbon  can  be  determined  by  elementary  analysis.  The  amount 
of  gaseous  carbon  dioxide  eliminated  is  determined  by  means  of 
PBTTBMKOPEit'H  respiration  apparatus,  which  is  described  in  special 
works.  By  multiplying  the  quantity  of  carbon  dioxide  found  by 
0.273  we  obtain  the  qnantity  of  carbon  eliminated  as  CO,.  If  we 
compare  the  total  quantity  of  carbon  eliminated  in  various  ways 
with  the  carbon  contained  in  the  food,  we  obtain  some  idea  as  to 
the  transformation  of  the  carbon  compounds.  If  tho  qnantity  of 
carbon  in  the  food  is  greater  than  in  the  excretion,  then  the  excess 
is  deposited:  wliile  if  the  reverse  bo  the  case,  it  shows  a  correspond- 
ing loss  of  bodily  siibatanee. 

The  nature  of  the  substances  here  deposited  or  lost,  whether 
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they  consist  of  proU'ide,  futs,  or  carbohydrati's,  is  learned  from  the 
totiil  quantity  of  nitrogen  of  the  escrulions.  The  con-esiJOiiding 
quantity  of  protoids  may  be  culcnlated  from  the  quantity  of  nitro- 
gen, and  as  the  average  quantity  of  carbon  in  tlie  proteida  is  known, 
the  quantity  of  carbon  wbicli  corresponds  to  tlie  Jecoinpoaed  pro- 
teid  may  be  easily  ascertained.  If  the  quantity  of  carbon  found  is 
smalter  than  the  quantity  of  the  total  catbou  in  the  excretions,  it  ta 
then  obvious  that  some  other  nitrogen-free  substance  has  been  con- 
Bumed  besides  the  proteids.  If  the  amount  of  carbon  in  the  pro- 
teids  is  considered  in  round  nnmbers  ae  54^,  then  the  relation 
between  carbon  {54)  and  nitrogen  (IG)  is  tis  3.4:1.  Multiply  the 
total  quantity  of  nitrogen  eliminated  by  3.4,  and  thu  excess  of 
carbon  in  the  eliminations  over  the  product  found  represents  the 
carbon  of  the  transformed  non-nitrogen ized  componnds.  For 
instance,  in  the  case  of  a  person  eiperimeuted  upon,  10  grms.  nitro- 
gen and  200  grms.  carbon  were  eliminated  in  the  course  of  24  hours; 
then  these  62.5  grms.  proteid  correspond  to  34  grma.  carbon,  and 
the  difference  200  —  (3.4x10)  =  166,  which  ropresente  the  quantity 
of  carbon  in  the  decomposed  non-nitrogenized  compounds.  If  we 
start  from  the  simploat  case,  starvation,  where  the  body  lives  at  the 
expense  of  its  own  substance,  then,  since  the  quiuitity  of  carbohy- 
drates as  compared  to  the  fats  of  the  body  is  extremely  small,  in 
such  oases  in  order  to  avoid  mistakes  the  assumption  must  be  made 
that  the  person  experimented  upon  has  only  tuken  fat  and  proteids. 
As  animal  fat  contains  on  an  average  76. 5^  carbon,  the  quantity  of 
transformed  fat  may  be  calculated  by  multiplying  the  carbon  by 

^^^-z  =  1.3.      In    the    case    of    the    above    example    the    person 

experimented  upon  would  have  used  62.5  grms.  proteids  and 
166  X  1.3  =  216  grms.  fat  of  his  own  bodily  weight  in  the  course 
of  the  24  hours. 

Starting  from  the  balance  of  the  nitrogen,  we  can  calculate  inl 
the  same  way  whether  an  excess  of  carbon  in  the  food  as  compared.'! 
with  the  quantity  of  carbon  in  the  excretions  is  retained  by  tb«1 
body  as  proteids  or  fat  or  as  both.  On  the  other  hand,  with 
excess  of  carbon  in  the  excretions  we  can  calculate  how  much  of  the.  1 
Jobs  of  the  substance  of  the  body  is  due  to  a  consumption  of  the  I 
proteid  or  of  tat  or  of  both. 
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Tho  quantity  of  water  aud  mineral  bodies  voiiled  with  tlie  urine 
and  fieces  can  easily  be  determiiied.  Tho  quantity  of  water  elimi- 
nated  by  the  skin  and  lungs  miiy  be  directly  determined  by  means 
of  PettenKofer'8  apparatus.  The  quantity  of  oxygen  taken  up  is 
calculated  as  the  diflerence  betweeu  the  weight  of  the  iudividnal 
before  the  experiment  pins  all  the  directly-determined  subataucea 
taken  in,  aud  the  final  weight  of  the  individnat  plus  all  hie  exnreta. 


I.   Exchange  of  Material  in  Starvation, 

In  starvation  tlio  decom[>08ition  in  the  body  continnea  uninter- 
ruptedly, though  with  deci'oasud  intensity;  but  an  it  takes  place  at 
the  expense  of  the  subslAuce  of  the  body,  it  cuu  only  continue  (or  a 
limited  time.  When  an  animal  has  lost  a.  curtain  fraction  of  the  moss 
of  the  body  death  is  the  result.  This  fraction  varies  with  the  condi- 
tion of  the  body  at  the  beginning  of  the  starvation  period.  Fat  ani- 
mals succumb  when  the  weight  of  tiie  body  him  suuk  to  J  of  the  orig- 
iual  weight.  Otherwise,  uccoi'diug  to  Cllos^AT,  uuimuls  die  as  a  rule 
when  the  weight  of  tlio  body  lias  sunk  to  \  of  the  original  weight. 
The  period  when  death  occars  from  starvation  not  only  varies  with 
the  different  nutritive  condition  at  the  beginning  of  starvation,  but 
also  with  the  more  or  lees  active  exchange  of  material.  Thia  is  more 
active  in  small  and  young  animals  than  in  large  and  older  ones,  but 
different  classes  of  animals  show  an  unequal  activity.  Children 
succumb  in  starvation  in  three  to  tive  days  after  having  lost  \  of 
thujr  bodily  mass.  Grown  personsj  according  to  ordinary  state- 
ments, can  live  for  three  weeks  if  they  bave  water ;  we  also  have 
statemeutfl  of  much  longer  periods  of  starvation.  For  instance,  a 
person  suffering  from  nielancbolia,  who  drank  water  but  took  no 
food,  died  after  \\  days,  and  the  Ititliuu  Merlatti  witiistood  a 
starvation  period  of  50  days,  during  which  it  ia  stated  bo  only  took 
water.  Doga  can  live  without  food  front  four  to  eight  weeks,  birds  J 
five  to  tweuty  days,  snakes  more  than  half  a  year,  and  frogs  mors  J 
thau  a  year. 

In  starvation   the  weight  of  the  body  decroasoe.     The  loss  oC  J 
weight  is  greatest  in  the  first  few  days,  and  then  decreases  rather  n 
uniformly.     In  small  animals  the  absolutu  lose  of  weight  per  day  is 
nataruUy  smaller  than  iu  larger  animals.  The  relative  loas  of  weight, 
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that  is,  the  loss  of  weight  of  the  unit  of  the  weight  of  the  body, 
namely  1  kilo,  ia,  ou  the  contrary,  greater  in  small  animals  than  in 
larger  ones.  The  reason  tor  this  is  that  the  smaller  animals  have  a 
greater  aurface  of  body  in  proportion  to  their  mass  than  lai^er 
fliiimale,  and  the  greater  loss  of  heat  caused  hereby  must  be  replaced 
by  a  more  active  consumption  of  material  (Ruhneh). 

Exact  obaBrvationa  for  a  long  time  are  necessary  tor  s  thorough 
study  of  the  exchange  ot  n>aterial  in  starvation.  As  these  have 
seldom  been  made  on  man  our  knowledge  of  the  exchange  ot 
material  in  starvation  has  been  gained  by  observations  on  animals, 

As  the  exchange  of  material  in  starvation  takes  place  at  the 
expense  of  the  constituents  of  the  body,  it  must  take  place  in 
essentially  the  same  way  in  both  carnivora  and  lierbivora.  As  the 
food  of  the  herbivora  is  ordinarily  richer  in  carbohydrates  and  non- 
nitrogenized  nutritive  bodies  than  that  of  the  carnivora,  so  in  atar- 
Tation  the  body  of  the  herbivora  becomes  relatively  richer  in 
protoids.  On  this  account  the  elimination  of  urea  is  increased  in 
herbivora  in  the  first  part  of  the  period  of  starvation.  In  carniv- 
ora the  elimination  of  urea  dccrea^^es,  as  a  rule,  immediately  at  the 
beginning  ot  the  starvation,  and  in  the  later  periods  only  small 
amounts  of  urea  are  voided  by  herbivora  as  well  as  by  carnivora. 

Theear/eHJ  of  iht  mslabolism  ofproleids  and  the  elimination  of 
urea,  which  ia  a  measure  for  the  same,  does  not  show  in  carnivora 
any  uniform  decrease  during  the  entire  period  of  starvation. 
During  the  tirst  few  days  the  elimination  of  nitrogen  ia  greatest 
nnd  the  quantity  of  the  same  depends  essentially  upon  the  amount 
of  pToteide  in  the  organism  and  the  nature  of  the  food  previously 
n.  The  richer  the  body  is  in  proteids  from  the  food  previously 
taken  the  greater  is  the  metabolism  of  proteids,  or,  in  other  words, 
the  elimination  of  nitrogou  during  the  first  days  of  starvation  is 
greater.  The  rapidity  with  which  the  elimination  of  nitrogen 
doorcases  in  the  first  days  depends  also,  according  to  Voit,  upon 
the  protoid  condition  of  the  body.  It  deci-cases  more  quickly, 
thst  is,  the  curve  of  the  decrease  is  more  sudden,  the  first  days  of 
starvation,  aa  a  rule,  the  richer  the  food  was  in  proteids  which  was 
taken  before  starvation.  This  condition  is  apparent  from  the  fol- 
iwing  table.     This  table  oonLnins  three  different  starvation  eiperi- 


BXCnANQB  OF  MATERIAL.  446 

ments  made  by  Voit  on  the  same  dog.  This  dog  received  2500 
grins,  flesh  daily  before  the  first  series  of  experiments,  1500  grms. 
flesh  daily  before  the  second  series,  and  a  mixed  food  relatively 
poor  in  nitrogen  before  the  third  series. 

TABLE  I. 

fw.  A#  a*....*!^..  Grammes  of  Urea  eliminated  in  the  Twenty-four  Hours. 

Day  of  StarraUon.  g^^  ,  g^  „  sir.  III. 

1 «0.1  26.5  18.8 

2 24.9  18.6  11.6 

8 19.1  15.7  10.2 

4 17.8  14.9  12.2 

5 12.8  14.8  12.1 

6 18.8  12.8  12.6 

7 12.5  12.9  11.8 

8 lO.l  12.1  10.7 

Other  conditions,  such  as  varying  amounts  of  fat  in  the  body^ 
have  an  influence  on  the  rapidity  wilh  which  the  nitrogen  is 
eliminated  during  the  flrst  days  of  starvation.  After  the  first  few 
days  the  elimination  of  nitrogen,  as  is  seen  in  the  above  table,  is 
more  uniform,  and  as  the  starvation  proceeds  it  decreases  as  a  rule 
very  slowly  and  uniformly.  Cases  also  occur  in  which  the  elimina- 
tion of  nitrogen  becomes  constant  in  these  stages,  and  in  which 
indeed  the  elimination  of  nitrogen  increases  towards  the  end. 
This  so-called  premortal  increase  always  occurs  as  soon  as  the 
adipose  tissue  in  the  body  has  sunk  to  a  certain  point,  and  it  also 
depends  on  the  fact  that  as  soon  as  the  fat  is  consumed  a  corre- 
sponding increase  in  the  decomposition  of  proteids  is  necessary  for 
the  generation  of  heat  as  well  as  of  other  forces. 

If  fat  ooours  in  the  body  besides  proteids,  it  is  also  decomposed 
in  starvation.  Since  fat  has  a  diminishing  influence  on  the  de- 
struction of  proteids  (see  further  on),  the  elimination  of  nitrogen  in 
starvation  is  less  in  fat  than  in  lean  individuals.  For  instance, 
only  9  grms.  of  urea  were  voided  in  twenty-four  hours  during  the 
later  stages  of  starvation  by  a  well-nourished  and  fat  person  sufFer- 
ing  from  disease  of  the  brain,  while  J.  Munk  found  that  20-29 
grms.  nrea  were  voided  daily  by  Cbtti,  who  had  been  poorly  fed. 

Like  the  destruction  of  proteids  during  starvation,  the  decom' 
position  of  fat  proceeds  uninterruptedly.  The  decomposition  of 
fat  does  not  show  so  great  and  rapid  a  decrease  in  the  first  days  of 
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Btai-Tiition  OS  the  deBtruction  of  proteids.  Petteskofer  and 
VoiT  found,  For  iiistunce,  iu  a  starving  dog  the  following  tosses  of 
proteids  aud  fut  from  the  body  on  different  dujs  of  sturvation: 


8 80.S  138  99  S8S 

The  consumption  of  fat  on  the  second  day,  when  the  decom-  " 
position  of  proteids  was  considerable,  was  indeed  less  than  in  tfae 
following  days.     The  conditions  for  tlip  destruction  of  proteida  in 
the  aninrnl  body  seem,  as  Voit  has  suggested,  to  be  different  from 
those  for  the  conanniption  of  tat. 

The  constant  decrejtse  in  the  consumption  of  the  adipose  tiaeoe 
and  proteids  during  sturvation  must  also  cause  a  decrraise  in  the  • 
extent  of  the  exchange  of  gan  ;  for  instance,  a  diminished  taldnfd 
ttp  of  oxygen  and  a  diminished  elimination  of  carbon  dioxid&J 
This  is  found  to  be  true.  In  starvation  eiperimenta  made  on  a-' 
cat,  Schmidt  found  tiiat  the  results  for  the  carbon  dioxide  and 
oxygen  fell  in  the  course  of  eighteen  days  from  50. 00  grms,  carbon 
dioxide  and  46.20  grms.  osvgen  on  the  first  day  of  starvation  to 
22.26  grms.  carbon  dioxide  and  33.12  grms.  oxygen  on  the  lost  day. 
Investigiktiona  on  the  extent  of  exchange  of  gas  in  human  beings  in 
the  starving  condition  were  made  by  Lehmann'  and  Zuntz  on 
Cetti.  who  only  pnrtook  of  water  for  ten  days.  These  inveati- 
giitors  fonnd  that  the  absolute  extent  of  exchange  of  gas  during 
hnnger  decreases,  bnt  that  when  the  oxygen  consumed  and  the 
carbon  dioxide  eliminated  were  calculated  on  the  unit  of  the  weight 
of  the  body — 1  kilo — its  amount  quickly  sinks  to  a  minimum,  but 
then  remains  unchanged  or  may  perhape  rise  during  the  course  of 
the  fast.  They  found  a  consnmptioti  of  4.65  e.  c.  oxygen  per 
minute  for  1  kilo  during  the  third  to  sixth  day  and  4.73  c.  o.  during 
the  ninth  to  eleventh  day.  It  is  also  a  well-known  fact  that  the 
temperature  of  the  body  of  starring  animals  remains  tolerably  con- 
stant, without  showing  a  menlinnahle  decrease,  during  the  greater 
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part  oC  the  starvation  period.     The  heat  of  the  animal  sinkB  only  a 
few  days  before  death,  and  at  about  33°  to  30°  C.  death  reeultB. 

If  the  carbon  Is  barut   with  oxygen  into  carbon   dioxide,  tliu 
carbon  dioxide  produced  occupies  the  same  volume  n«  the  oiygen 

The  same  is  true 


,  CO.. 


couaumed,  and  the  quotient  -rr'  '^  therefore  1 

cif  the  burning  of  the  carbohydratea,  which  contain  in  themselrea 
the  necessary  quantity  ot  oxygen  to  oxidize  the  hydrogen,  and  only 
the  quantity  of  oxygen  required  to  oxidize  the  carbon  is  neceesury 
to  be  taken  up  for  the  burning  of  the  carbohydrates  into  CO,  and 
HfO.  In  the  burning  of  fata  and  proteids  this  is  different.  In 
these  cases  an  absorption  of  oxygen  is  necessary  not  only  for  the 
burning  of  the  carbon  but  also  for  the  hydrogen,  and  the  volume  of 
the  carbon  dioxide  formed  is   therefore  smaller  than  the  oxygen 

oonaumed.      The  quotient  -^  must  therefore  in  these  cases  be 

emaller  than  1.  The  conditions  are  still  more  complicated  for  tlie 
proteids,  because  these  bodies  contain  sulphur  which  is  oxidised 
into  sulphuric  acid,  and  also  because  they  are  not  completely  burnt 
in  the  organism,  but  yield  nitrogenized  decomposition  products 
which  contain  hydrogen  and  oxygen  as  well  as  carbon. 

'  From  the  above  It  follows  that  in  man,  on  a  mixed  diet,  the 
proportion  between  the  inhaled  oxygen  and  the  expired  carbon 
dioxide,  or  the  so-called  re»piralory  quotient,  must  be  smaller  than  !. 
As  a  rule,  it  is  0.73-0.86  on  a  mixed  diet.  On  feeding  with  an 
exclusively  vegetable  food  rich  in  carbohydrates  it  is  closer  to  1 ; 
with  a  strictly  meat  diet  it  is  lowest,  about  0.7.  In  starvation,  when 
the  person  or  animal  lives  entirely  upon  his  own  body,  it  must  be 
abont  the  same  as  when  fed  entirely  upon  meat  and  fat  As  the 
quotient  for  the  burning  of  proteids  is  0.81-0.T5,  and  for  the 
burning  of  fata  0.7,  the  respiratory  quotient  in  starvation  must  be 
in  the  neighborhood  of  0,7.  In  the  above-mentioned  starvation 
experiments  made  by  C.  Schmidt  on  a  cat  it  was  0.765,  while  in  his 
observations  on  Cetti  it  was  still  lower,  or  0.68-0.65. 

Water  passes  uninterruptedly  from  the  body  in  starvation  even 
when  none  is  given.  If  the  amount  of  water  in  the  tissnes  rich  m 
proteids  is  considered  as  70-80^,  and  the  amount  of  proteids  in 
the  same  20j<,  then  for  each  gramme  of  destroyed  proteids  about 
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4  gnuDmes  of  water  &re  get  free.  A  special  increase  in  the  dcm&nd 
for  water  does  not  seem  to  occur  in  starving  animals. 

The  mineral  tubstancM  leave  the  body  aniuterrnptedly  in  etarva- 
tion  until  death,  and  the  infiuence  of  the  destruction  of  tissues  is 
plainly  perceptible  by  their  elimiuation.  Because  of  the  destruction 
of  tissneB  rich  in  potassium,  the  proportion  between  potassinm  and 
sodium  in  the  nrine  changes  in  starvation  so  that,  contrary  tu 
the  normal  conditions,  the  potassium  is  eliminated  in  proportion- 
ally greater  qnantities.  Mune  also  observed  in  Cetti's  case  a 
relative  increase  iu  the  phosphoric  acid  and  culcinm  in  the  urine 
during  starvation,  which  was  due  to  an  increased  exchange  of  bone- 
snbstance. 

The  question  as  to  the  participation  of  the  different  organs  in 
the  loss  of  weight  of  the  body  during  starvation  is  of  special 
interest.  To  illustrate  this  question  we  will  give  below  the  results 
of  Ohossat's  experiments  on  pigeons  and  those  of  Voir  ou  a  male 
cat.  The  results  are  percentages  of  weight  lost  from  the  original 
weight  of  the  organ, 

TABLE  in. 

riiieoo  *CBOB*iT).  Male  Cat  (Vorrt. 

Pil ...  93  perceDt.  97  par  cenL 

Spleen 71        "  67      " 

Pucreu. M  17      •■ 

Liver 62         -  M      " 

Hearl.. 4S         '■  3      •■ 

luIeBiTDes 42         "  18      " 

Mhsc!« 43        •■  31       ■■ 

Testicles  ......  40      ■• 

Skin 83         -•  21       ■■ 

Eidaej-B. 3a      "  ae    '• 

Lungs ,     33        ■■  18       ■■ 

Bones 17        '■  14      - 

NervoUB  sybieiu  .     S        ''  3      " 

The  total  quantity  of  blood,  as  well  as  the  amount  of  solids  con- 
tained therein,  decreases,  as  Panuu  has  shown,  in  the  same  pro- 
portion as  the  weight  of  the  body.  The  statements  in  regard  to 
the  loss  of  water  by  different  organe  is  somewhat  contradictory ; 
according  to  Lckjanow,  it  seems  that  the  various  organs  act  sotnt)- 
whnt  differently  in  this  respect. 

The  above-tabulated  results  cannot  serve  as  ii  measure  of  the 
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exchange  of  material  iu  the  various  organs  during  starvation.  For 
inettince,  the  nervous  sjBtem  ouly  shows  a  small  loss  of  weight  as 
compared  to  the  othor  organs,  but  from  this  it  niuat  not  be  con- 
cluded that  the  exchange  of  uiaturiai  in  this  system  of  organs  is  not 
active.  The  condition  may  be  quite  diSerent  ;  for  one  organ  may 
derive  its  nutriment  during  starvation  from  some  other  organ  and 
exist  at  its  expense.  A  positive  oonolueion  cannot  be  drawn  in 
regard  to  the  activity  of  the  exchange  of  material  iu  nn  organ  from 
ihe  loss  of  weight  of  that  organ  in  starvation. 


II.    Exchange  of   Material  with    Inadequate    Nutrition. 

The  food  may  be  quantitatively  insufficient  and  the  final  result 
is  absolute  inanition.  The  food  may  also  be  qnulitatively  insuffi- 
cient, or  as  we  say,  inadequate.  This  occurs  when  any  of  the 
necessary  nutritive  bodies  are  absent  in  the  food,  while  the  others 
occur  in  sufficient  or  perhaps  indeed  in  excessive  amounts. 

Lack  of  water  in  thu  food.  The  quantity  of  water  in  the 
organism  ia  greatest  during  f<Btul  life,  and  tlion  decrenaes  with 
increasing  age  (v.  Bezold).  Naturally,  the  amount  differs  in 
various  orguna.  Enamel,  belug  almost  fn^e,  contains  only  2  p.  m. 
water,  the  teeth  about  100  p.  m.,  the  fatty  tiasnea  and  bonea 
60-120-150  p.  m.  The  cartilage  with  540-740  p.  ni.  is  somewhat 
richer  in  water,  while  the  muecles,  blood,  and  glands  with  750  to 
more  than  800  p.  m.  are  still  richer.  The  quantity  of  water  is  even 
greater  in  the  animal  fluids  (see  preceding  chapter),  and  the  grown 
body  contains  in  all  about  600  p.  m.  water  (Bischopp).  If  we  bear 
in  mind  that  two  thirds  of  the  animal  organism  consists  of  water ; 
that  water  is  of  the  very  greatest  importance  in  the  normid,  phy- 
sical composition  of  the  tissues  ;  moreover  that  all  flow  of  juices, 
all  exchange  of  snbetance,  all  supply  of  nutrition,  all  increase  or 
destruction,  and  all  diwharge  of  the  products  of  destruction  are 
dependent  npon  the  presence  of  water;  besides  this,  that  by  its 
evaporation  it  is  an  important  regulator  of  the  temperoture  of  the 
body, — wo  perceive  that  water  must  he  necessary  for  life.  It  the 
loss  of  water  be  not  replaced  by  fresh  supplies  sooner  or  later, 
the  organism  succumbs. 

Ifick  of  mineral  suhnlnnr.eg   in   the   food.      We  are  chiefly  in- 
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slaiices,  It  very  auggettCive  iliaturbuace  of  the  fuiictioiiB  of  the  organs, 
especially  the  muscles  uud  the  nervoDS  syatoni,  and  deiith  reeiilteil 
after  a  time,  indeed  earlier  thiiii  in  complete  Gtarvatiori.  In  opposi- 
tion to  these  observatioiiB  Humoe  has  suggested  that  the  early  death 
in  these  cases  was  not  caused  by  the  lack  of  mineral  salts,  but  more 
likely  by  the  lack  of  bases  necessary  to  neutralize  the  aulpliuru' 
acid  formed  in  the  burning  of  the  protoids  in  the  organism,  which 
must  be  then  taken  from  the  tissues.  In  accordance  with  this  view, 
Bi;\OE  and  Lunin  also  found  on  experimenting  on  mice  that  ani- 
mals which  received  nearly  ash-free  food  with  the  addition  of 
sodium  carbonate  were  kept  alive  twice  as  long  as  animals  which 
had  the  same  food  without  the  addition  of  sodium  carbonate.  Spe- 
cial esperiments  also  show  that  the  carbonate  caunot  be  replaced 
by  an  equivalent  amount  of  sodium  chloride,  and  that  to  all  appear- 
ances it  acta  by  combining  with  the  acids  formed  in  the  body.  The 
addition  of  alkali  carbonate  to  the  otherwise  nearly  ash-free  food 
may  indeed  delay  death,  but  cannot  prevent  it,  and  even  in  the 
presence  of  the  necessary  amount  of  bases  death  results  for  lack  of 
mineral  substances  in  the  food. 

In  the  above  series  of  experiments  made  by  Bl'Soe  the  food  of 
the  animal  consisted  of  ciujein,  milk-fut,  and  citne-sugar.  While 
milk  alone  was  an  adequate  and  sufficient  food  for  the  animal. 
BuNOE  found  that  the  animal  could  not  bo  kept  alive  longer  by 
food  consisting  of  the  above  constituents  of  milk  and  cune-sngar, 
with  the  addition  of  all  the  mineral  substances  of  milk,  than  with 
the  food  mentioned  in  the  above  esperiments  with  the  addition  of 
alkali  carbonate.  The  question  whether  this  result  is  to  be  es- 
plained  by  the  fact  that  the  mineral  bodies  of  milk  are  chemically 
combined  with  the  organic  constituents  of  the  same  and  can  be 
assimilated  only  in  such  combluationa,  or  whether  it  depends  on 
other  conditions,  Bunob  leaves  undecided.  These  observations, 
however,  show  how  difficult  it  is  to  draw  positive  conclusions  from 
experiments  made  thus  far  with  food  poor  in  salts.  Further  investi- 
gations  on  this  subject  seem  to  be  necessary. 

With  an  insufficient  supply  of  chlorides  with  the  food  the  elimi- 
nation of  chlorine  by  the  urine  decreases  constantly,  and  at  lost  it 
may  stop  entirely  while  the  tissues  still  persistenly  retain  the  chlo- 
rides.    These  last  are,  at  least  in  part,  combined  in  the  body  with 
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the  organic  aubfltsncee  which  retain  them.  The  gr«at  imporUncd 
of  6uch  a  reteotioii  of  chlorides  by  the  tlsenefl  is  apparent  if  we  b«str 
in  miud  that  ihi?  XuCI  is  not  oulj  u  solvent  for  certain  albaminoas 
bodice,  or  a  material  for  the  elaboration  of  the  gastric  jnice,  bat 
that  it  is  also  of  the  greatest  imjmrtance  ae  a  BO~culled  iudifferanl 
salt  for  the  preBeryation  of  the  normal  oonaistuncy  and  the  phjsio- 
logical  imbibition  relation  of  the  tissues. 

If  there  be  a  lack  of  sodium  aa  compared  to  potassium,  also  i( 
there  bo  an  excese  of  potassium  compounds  in  an;  other  form  than 
KCl,  the  potassium  combinations  are  replaced  in  the  organism  bj 
NaCl,  so  thai  new  potassium  and  sodium  compounds  are  produced 
which  are  voided  with  the  urine.     The  organism  becomes  poorer  in 
NaCl,  which  therefore  most  be  taken  in  greater  amounts  from  the  ] 
outside  (Busge).     This  occurs  habitiiallv  in  herbivora,  and  in  n 
with   vegetable   food   rich   in   pouish.      For  human  beings,   and  1 
especially  for  the  poorer  classes  of  j)eupk-  wlio  live  chiefly  on  pot»>  1 
toes  and  foods  rich  in  jtotash,  common  salt  is.  under  these  circnm-  < 
Htiinces,  not  only  a  condiment,  hnt  a  necessary  addition  to  the  food  ' 
(Buuge). 

Lack  of  aJkali  carbomiliiit  or  bti»eii  in  the  food.     The  chemic*) 
processes  in  the  organism  are   dependent   upon  the  preeeuce  of  , 
alkaline- reacting    tissue-fluids,   whose  alkaline  reaction  is  due  to  J 
alkali  carbonates.     The  alkali  carbonates  are  also  of  great  impor-  T 
tance  not  only  as  a  solvent  for  certain  albuminous  bodies  and  i 
constituents  of  certain  secretions,  as  of  the  pancreatic  and  iuttf 
tinal  juices,  but  they  are  also  a  me:ina  of  transportation  of  th«  J 
oarbon  dioxide  in  the  blood.     It  is  therefore  easy  to  understand  J 
that  a  decrease  below  a  certain  point  in  the  quantity  of  alkali  cai^J 
bonate  must  endanger  life.     Such  a  decrease  not  only  occurs  with  J 
hick  of  bases  in  the  food  which  accelerates  death  by  a  relatively  too  | 
great  production  of  acids  by  the  burning  of  the  pioleids  (see  above: 
Buitait  and  I.UNIX).  but  it  also  occurs  when  an  animal  is  given 
dilute  minenil  acids  for  a  certain  time.     In  herbivora  the  fixed  1 
alkalies  of  the  tisf^ues  combine  with   the  mineral  acids,  and  tht  ] 
animal  suocumbs  after  a  time.     lu  camivora  the  bases  of  the  tis-  I 
MaM  are  obstinately  retained;  the  mineral  acids  unite  with   the  I 
■unmoDia  produced  by  the  decomposition  of  the  proteids  or  thdr  j 
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splitting  produeta,  and  carnivora  caii  therefore  be  kept  alive  for  & 
longer  time. 

Lack  ot  earthy  phosphates.  With  the  exception  of  the  imjwr- 
tance  of  the  alkaline  earths  aa  carboniitea  and  principally  as  phos- 
phatea  in  the  phyetcal  composition  of  certain  structures,  snch  as 
the  bones  and  teeth,  their  physiological  importance  is  nearly  un- 
known. The  action  which  an  insufficient  supply  of  alkali-enrths 
with  the  food  ciiusoa  ia  connected  with  the  interesting  question  as 
to  the  effect  of  this  lack  upon  the  bony  structure.  This  action,  as 
well  as  the  viirioua  results  obtained  by  experiments  on  young  and 
old  animals,  has  already  been  spoken  of  in  Chap.  VllI,  to  which  we 
refer  the  reader. 

Luck  of  iron.  As  iron  is  an  integral  constituent  of  Iifemoglobin, 
indispensable  for  the  introduction  of  oxygen,  so  also  it  is  an  indis- 
penaable  constituent  of  the  food.  In  iron  aturvation  iron  is  con- 
tinually eliminated,  even  tliongh  in  dimtnishod  amounts  (Ham- 
BL'itoBit,  DiETL,  V.  Ho-ssLis).  From  the  observations  of  v. 
HoBSLiN  on  dogs  it  also  seems  that  an  inmlequate  supply  of  iron 
with  the  food  causes  an  insufficient  formation  of  hiemoglobin.  A 
special  result  of  the  lack  of  iron  is  chlorosis,  which  the  physician 
haa  often  to  contend  with  and  whose  origin  is  not  really  a  lack  of 
iron  in  the  food,  but  more  likely  an  iiiconiplL'te  absorption  of  the 
foods  containing  iron  (Buxue).  The  iron-salts  seem  not  to  be  ab- 
sorbed at  all  in  the  intestinal  canal,  or  only  to  »  very  small  extent, 
so  that  it  is  questionable  whether  their  absorption  has  any  men- 
tionable  importance.  It  seems  more  probable  that  the  absorption 
of  iron  from  the  food  takes  place  in  the  form  of  protein  bodies 
(nucleoalbumin)  containing  iron  (Bdnhe);  and  the  importance  of 
the  iron-salts  in  preventing  the  lack  of  hemoglobin  consists  chieBy, 
according  to  Bukok,  in  that  these  salts  counteract  the  decomposi- 
tion in  the  intestines  of  the  protein  bodies  containing  iron,  which 
split  off  iron  oa  iron  sulphide. 

In  the  absence  of  proteid  bodies  in  the  lood  the  organism  must 
nourish  itself  by  its  own  proteid  substances,  and  on  such  nutrition 
it  must  earlier  or  later  succumb.  By  the  exclusive  administration 
of  fat  and  carbohydrates  the  consumption  of  proteids  in  these  cases 
iu  reduced,  for  by  an  exclusive  fat  and  carbohydntte  diet  the 
metaboliem  of  proteids  may  indeed  be  smaller  than  in  complete 
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been  fed  on  large  quantities  of  meat  is  suddenly  fed  with  a  small 
quantity  of  meat  per  day,  then  the  animal  gives  up  its  own  bodily  . 
protcidSy  the  amount  decreasing  from  day  to  day.  The  elimination 
of  nitrogen  and  the  metabolism  of  proteids  decrease  constantly,  and 
the  animal  may  in  this  case  also  pass  into  nitrogenous  equilibrium 
or  nearly  into  this  condition.  These  conditions  are  illustrated  by 
the  following  table  (Voir) : 

TABLE  IV. 


GnuB.  of  Flesh  in  the  Food  per  Day. 

1 

Before  the  Test.      During  the  Test. 
500                        1500 

2 

1500                        1000 

Grms.  of  Flesh  metabollxed  in  Body  per  Day. 

1 
1222 
1158 

8                3               4                5               6                7 

1310        1890        1410        1440        1450        1500 
1086        1088        1080        1027 

In  the  first  case  (1)  the  metabolism  of  «flesh  before  the  beginning- 
of  the  actual  experiment  on  feeding  with  500  grms.  meat  was  447 
grms.y  and  it  increased  considerably  on  the  first  day  of  the  experi- 
menty  after  feeding  on  1500  grms.  meat.  In  the  second^  case  (2)^ 
in  which  the  animal  was  previously  in  nitrogenous  equilibrium 
with  1500  grms.  meat^  the  metabolism  of  flesh  on  the  first  day  of 
the  experiment^  with  only  1000  grms.  meat,  decreased  considerably, 
and  on  the  fifth  day  a  nearly  nitrogenous  equilibrium  was  obtained. 
During  this  time  the  animal  gave  up  daily  some  of  its  own  proteids. 
Between  that  point  below  which  the  animal  loses  from  its  own 
weight  and  the  maximum,  which  seems  to  be  dependent  upon  the 
digestive  and  assimilative  capacity  of  the  intestinal  canal,  car- 
nivora  may  be  kept  in  a  nitrogenous  equilibrium  with  a  varying 
quantity  of  proteids  in  the  food. 

The  supply  of  proteids,  as  well  as  the  condition  of  the  body, 
affects  the  extent  of  the  proteid  metabolism.  A  body  which  has 
become  rich  in  proteids  by  a  previous  abundant  meat  diet  must,  to 
prevent  a  loss  of  proteids,  take  up  more  proteid  with  the  food  than 
a  body  poor  in  proteids.  The  quantity  of  fat  in  the  body  also  has 
a  great  influence.     As  the  fat  of  the  body  lowers  the  disintegration 
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starvation  (H...srH.ELD).  In  conformity  with  this  the«i^ 
may  be  kept  alive  longer  by  tood  containmg  only  iion-introg«na« 
bodies  than  in  complete  stai-ration.  .     .    j    »^ «,. 

The  absence  of  fats  and  carbohydrate*  in  the  ood  affedc^ 
nivora  and  herbivora  Bomewhut  differently.  It  ib  unknown  *hrtb-r 
camivora  can  bo  kept  alive  for  any  length  of  time  by  f ood  "- 
tirely  free  from  fat  and  carbohydrates.  But  it  has  been  posm  .. 
domonstmtod  tl>at  they  cannot  only  be  kept  alive  ^J  ef^^'f  ^"'^^ 
with  meat  freed  as  much  m  possible  from  visible  fat,  but  thwn^ 
and  perhai)a  also  fat,  ifl  deposited.  Men  or  herbivora^n  tM  c* 
irarv,  cannot  live  for  any  length  of  time  on  such  lo""-/" 
side  they  lose  the  property  of  digesting  and  assim^tmg  the  dm* 
Barily  large  amonntB  of  meat,  and  on  the  other  a  d.rt^ate  lor  uv 
quantitJiiofineat  or  proteids  aoon  appears. 

TTi    c     u  ,  ,,     -'-•^.^ith  Various  Foods. 

III.  Exchange  of  MateriaNliL^ 

^^■^^^jQor  as  posablB 
For  the  carnivora,  as  above  stated,  meat  aaTl^^roteids 
fat  may  be  a  complete  and  BiiSioient  food.     As  th^j^dies  bj 
over  tjike  a  Bpeciai  place  among  the  orgsiiiic  nntritive 
quantity  of    nitrogen   they   coiitjiin,   tt   is  proper   th^ 
describe  the  exchange  of  material  with  an  entirely  meat  di, 
Exchange  of  material  with  food  rich  in  proteids,  or  feedi 
with  meat  as  poor  in  fat  as  possible. 

By  an  increased  supply  of  proteids  the  metabolization  of  ^ 
teids  and  the  elimination  of  nitrogen  is  increast-d  and  indAaJ 
proportion  to  the  supply  of  proteids.  ^^ 

If  a  certain  quantity  of  moat  is  given  as  food  daily  to 
and  the  ration  of  meat  is  suddenly  iacreaaed,  an  ii 
olism  of  proteids  oi 
inated  is  the  result. 
with  larger  quantitieB  of  the 
proteids  accnmnlntes 
today,  while  there  is  a  ooi 
tdon  of  nitrogen.     In  this 
lished,  that  is,  the  total 
the  qnantity  of  nitroger' 
the  contrary,  an  ani 
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tan  fed  on  large  qnuilitie.  o(  melt  Is  tnddmly  ted  mil  •  ™il 
qnantilj  ot  meat  per  day,  then  the  animal  girea  up  itj  own  bodilj 
protoids,  the  amom.t  decreasing  (rom  daj  to  d.j.  The  elimination 
of  nitrogen  and  the  metabolism  of  proteids  decrease conitantly,  and 
the  animid  may  in  this  ciise  also  pass  into  nitrogenous  eqnilJbHBm 
or  nearly  into  this  condition.  These  conditions  are  illnatnrted  bj 
the  following  table  {VoIT): 


TABLE  IV. 

Orna. -rf  F**  fci  flW  fl»B*  »w  DBF. 

Man  IWTM       tMMr«a1M. 

iM             ia» 

Unns.  of 

1233 
1153 

1810 

1086 

1390       1410      l«U      1«       1M» 

1068     iceo     itm 

In  the  first  cnBe  (1)  the  metabolum  ti-teA  bitee  the  heptamg 
of  the  actual  experimetit  on  feeding  vilk  SMgima.  mttt  via  447 
grma.,  aad  it  increased  considenbi;  «•  At  hat  i^  «<  the  experi- 
ment, after  feeding  on  150U  gnu.  bmbL  Is  Ibi  Heoad*CMe  (2), 
in  which  the  animul  was  -pnTiovij  n  mUr^aemt  eqsflibriain 
with  1500  grms.  meat,  the  meUbofiM  at  tmh  oa  Ibe  fnt  day  of 
the  experiment.  wit!i  onlr  iOOOgiwM.mtii,itenamdwandenh\j, 
and  on  the  fifth  da;  a  nearlr  tatngatmt^^bnam  *h  obuined. 
During  this  time  theanioul  pre  ^ddjMa»«(  ha  ovn  proteiOii 
Between  that  point  below  litliicb  tto  iiiiwil  lone  boa  iU  own 
weight  and  the  maiimoin,  vikft  nwi  t»  k  j^eodent  upon  th-- 
digeBtivo  and  assiniilattTe  etfat^  d  ibr  btartiiMl  nnal,  rar- 
nivora  may  V' k.-til  in  i  rr-  .^^««  eqiilib»»ai  with  a  Tarring 
qnantity  of  protPids  in  iLr  fr-.j. 


The 


Wippiy  of  jjroui-if,  1 


affects  tho  oitt-nt 


r-  M  Uk  caDditicm  of  the  bodf. 
A  bodr  whi'-h  hi' 


:  BMn  protod  with  the  fw-i  i^ 
- ti^  «f  bt  io  tl>e  bo^ir  »i=»  ' 
*  boiy  loTcn  the  "J  i«-: 
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of  proteidB  in  starvation,  bo  also  it  diniinisheB  the  diBintegratioii  of 
the  protcids  takeu  with  the  food. 

Pettenkofbb  and  Voit  have  made  investigations  on  the  metah- 
oliam  of  fai  with  an  ejcclusively  albuminoua  diet.  These  investi- 
gations have  shown  th»t  by  inci'easing  the  quantitj  of  protcids  iQ 
the  food  the  daily  metabolism  of  fat  decreases,  so  that  indeed  a 
formation  of  f;it  from  proteids,  or  more  correctly  an  excess  of  car- 
bon in  the  food  as  compared  to  the  excretions,  is  produced,  and 
this  excess  is  considered  as  indicating  a  formation  of  fat  from  pro- 
telds.  To  illustrate  this  the  following  series  of  experiments  were 
made  on  dogs,  which  were  fed  during  seven  different  periods  with 
increasing  quantities  of  meat.  Here  as  well  as  in  the  following 
pages  the  signs  +  and  —  represent  an  increase  or  a  loss  of  th«  sub- 
stances under  consideration, 

TABLE  V. 


lOOo 

lUlB 

1500 

1500 

leiMi 

1757 

2(K)U 

2044 

2500 

WIS 

+  s 


In  these  cases,  auuordiiig  to  tlio  generally-received  opinion,  a 
formation  of  fat  from  proteids  has  taken  place,  oven  though  it  ia 
small  as  compared  to  the  quantity  of  decomposed  pi-oteid.  In  this 
formation  of  fat  the  proteids  of  the  organism  split  into  a  nitrogen- 
ized  part  which  ultimately  yields  urea,  uric  acid,  etc.,  and  a  non- 
nitrogen  i  zed  part  which  passes  into  fat  or  fat^forming  substances. 
This  non-nit rogeni zed  part  first  diminishos  the  metabolism  of  fitt 
and  then,  when  it  is  formed  in  greater  quantities,  it  is  stored  up  as 
adipose  tissue. 

The  accumulation  of  fat  in  the  body  is  therefore  only  snialt. 
■with  an  exclusively  meat  diet.  The  same  is  true  also  of  the  storing-j 
up  of  proteids,  which  decreases  from  day  to  day  and  which  only 
lasts  for  a  short  time,  because  nitrogenous  equilibrium  soon  occnnc 
This  is  also  the  reason  why  with  an  exclusively  meat  diet  a  well 
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nourished  body  can  be  kept  in  ita  ordinary  condition,  while  s 
poorly -nourished  or  diseased  organism  cannot  bo  made  fat. 

Tho  very  considerable  elimination  of  nitrogen  and  the  peculiar- 
ities which  it  presents  in  an  exclusively  meat  diet  have,  together 
with  other  circumstances,  among  which  is  the  unequal  behavior  of 
tlie  metabolism  of  proteida  on  the  fii'st  and  the  following  'lays  of 
fitarvatiou,  led  to  tho  view  (Voit)  that  all  protoids  in  the  body  are 
not  decomposed  with  tlie  same  ease.  Vorr  diffoientiates  the  proteids 
fixed  in  the  tissiie-elemootB,  so-called  organized  proteids,  iigmie- 
jirofeida,  from  those  proteids  wluch  circulate  with  the  fluids  in  the 
body  and  its  tissues  and  which  are  taken  up  by  the  living  cells  of 
the  tissues  from  tho  interatial  fluids  washing  them.  These  ci>fw- 
lating  proteids  are,  according  to  Voit.  more  easily  and  quickly 
destroyed  than  the  tissuc-proteid s.  Although  in  a  fasting  animal 
which  has  been  previously  fed  with  meat  an  abundant  and  quickly- 
decreasing  decomposition  of  proteids  takes  place,  while  in  the  fur- 
ther course  of  starvation  this  proteid  metabolism  becomes  less  and 
more  uniform,  still  this  depends  upon  the  fact  that  the  supply  of 
circulating  proteids  is  diminished  chiefly  in  the  first  days  of  starva- 
tion and  the  tissue-proteids  in  the  last  days. 

The  tissue-elements  constitute  an  apparatus  of  a  relatively  stable 
nature,  which  has  the  power  of  taking  proteida  from  the  fluids 
washing  the  tissues  and  digesting  them,  while  a  few  proteids,  the 
tissue- proteids,  are  ordinarily  only  disorganized  to  a  small  extent, 
about  IjK  daily  (Voit).  By  an  increased  supply  of  proteids  the 
activity  of  the  cells  and  their  ability  to  decompose  nutritive  pro- 
teids is  also  increased  to  a  certain  degree.  When  nitrogenous 
equilibrium  is  obtained  after  increased  supply  of  proteids,  it  denotes 
that  the  decomposing  power  of  the  cells  for  proteida  has  increased 
so  that  the  same  amount  of  proteids  is  metabolized  as  is  snpplicd 
to  the  body.  If  the  proteid  metabolism  is  decreased  by  the  simul- 
taneous administration  of  other  non-nitrogeuized  foods  (see  below), 
a  part  of  the  circulating  proteids  may  have  time  to  become  fixed 
and  organized  hy  the  tissues,  and  in  this  way  the  mass  of  tho  flesh 
of  the  body  increases.  During  starvation  or  with  lack  of  proteida 
in  the  food  the  reverse  takes  place,  for  a  part  of  the  tie^uc  proteids 
is  converted  into  cironlating  proteids  which  are  metabolizod,  and 
in  this  case  the  flesh  of  the  body  decreases. 
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Yorr's  doctrine  of  tho  circulating  and  tissue  proteids  is  indeed  a 
liypothesis,  but  it  explains  in  a  Batisfactory  manner  a  number  of 
otherwise  very  intricate  relations  and  it  agrees  best  with  the  facts. 
This  theory  haa  received  further  confirmation  from  the  investiga- 
tions of  several  others,  ua  Panum,  FALt:K  and  Fedeb,  on  the  tem- 
porary secretion  of  urea  after  food  rich  in  proteids.  From  tho 
investigations  on  a  dog  it  was  found  that  the  secretion  of  urea 
increases  almost  immediately  after  a  meal  rich  in  proteids,  and  that 
it  reaches  its  maximum  in  about  six  hours,  when  about  one  half  of 
the  administered  proteids  is  secreted  as  the  corresponding  quantity 
of  urea.  If  we  also  recollect  that,  according  to  an  observation  of 
ScHMiDT-MuLHEiM  on  a  dog,  about  33;f  of  tJie  given  proteids  are 
absorbed  in  the  first  two  hours  after  the  meal  and  about  56^  in  the 
oonrse  of  the  first  six  hours,  we  may  then  infer  that  the  increased 
elimination  of  nitrogen  after  a  meal  is  due  to  a  metabolization  of 
the  digested  and  absorbed  proteids  of  the  food.  If  we  admit  that 
the  destroyed  proteid  must  have  been  organized,  then  the  greatly 
increased  elimination  of  nitrogen  after  a  meal  rich  in  proteids  sup- 
poses a  far  more  rapid  and  comprehensive  destruction  and  recon- 
struction of  the  tissues  than  has  been  generally  admitted. 

VoiT'a  theory  on  the  different  behavior  of  the  tissue  proteids 
and  the  circulating  proteids  in  the  animal  body  seems  to  have 
found  support  in  the  investigations  of  Ludwiq  and  TSCHIRJEW  and 
of  FoRBTER.  In  TscHiRJEw'a  experiments  a  dog  was  given  at  one 
time  boiled  dog's  blood,  and  at  another  time  the  same  quantity  of 
defibrinated  dog's  blood  was  iujected  into  a  vein.  In  the  latter  case 
the  secretion  of  urea  was  very  little  increased,  while  in  the  former 
case  it  increased  proportionally  to  the  food  consumed.  In  FoRS- 
Teb's  experiments,  on  the  contrary,  a  dog  was  transfused  with 
di'fibrinated  dog's  blood  and  also  with  horse-  or  dog-blood  serum- 
After  the  tninstusion  of  the  blood  the  secretion  of  nitrogen  was 
somewhat  greater  than  in  starvation,  but  the  increase  was  only 
inconsiderable.  In  two  experiments,  in  which  395  and  611  grms. 
of  blood  were  transfused,  the  increase  was  only  3.G  and  3,4  grms. 
urea,  while  the  proteids  contained  in  the  transfused  blood  corre- 
sponded to  32  and  42  grms.  urea.  After  the  tranfiision  of  533  grme. 
of  dog's-blood  eenim,  in  which  the  quantity  of  proteids  corre- 
iiponded  to  10.6  grms,  urea,  the  elimination  of  urea  was  only  6.4 
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grm8.  greater  on  the  day  of  the  transfusion  than  on  the  followiug 
day.  According  to  these  experiments,  the  proteids  of  the  blood  - 
corpuscles,  which  are  considered  as  tissue-proteids,  uro  less  eaeily 
metabolized  than  digested  blood- prote ids  or  the  proteids  of  the 
tdood-serum,  and  therefore  tlieae  experiments  confirm  Voit's 
viewa 

It  hae  been  stated  above  that  other  foods  may  decrease  tin- 
destruction  of  proteids.  Gelatine  is  such  a  food.  Oelaline  and  thv 
gelatiti»-fanners  do  not  seem  to  be  converted  into  proteid  in  tin- 
body,  and  this  last  cannot  be  entirely  replaced  by  gelatine  iji  the 
food.  For  example,  if  a  dog  is  fed  on  gelatine  and  f-it,  its  bod^' 
sustains  a  loss  of  proteida  even  when  the  quantity  of  gelatine  is  so 
largo  that  the  animal,  with  an  amount  of  fat  and  meat  containing 
just  the  same  quantity  of  nitrogen  as  the  gelatine  in  question,  may 
remain  in  nitrogenous  eqnilibrinm.  On  the  contrary,  gelatine,  as 
VoiT,  Panuu  and  Oercm  have  shown,  has  a  great  value  as  a  means 
of  sparing  the  proteids,  and,  according  to  Voit,  it  may  decrease  the 
decomposition  of  proteids  to  a  still  greater  extent  than  fats  and 
carbohydrates.  This  is  appareut  from  the  following  nummary  of  ,■ 
Voit's  experiments  on  a  dog  : 

TABLE  VI. 


Ue&c.  IJelailnf.  Fat.  Sugar.  IweompoBed,  On  the  Bodf. 

400  0  200        0                     460               -  50 

400  0  0  200                    430               -  UO 

400  200  0         0                   356             +44 

This  ability  of  gelatine  to  spare  the  proteids  is  explained  by 
Voit  by  the  stalement  that  the  gelatine  is  decomposed  instead  of  a 
part  of  the  circulating  proteids,  whereby  a  part  of  this  lust  may  be 
organized. 

Golatine  may  also  decrease  somewhat  the  consumption  of  fat, 
although  it  is  of  less  value  in  this  respect  than  the  carbohydrates. 

The  qnestion  of  nutritive  value  of  peptones  stands  in  close  rela- 
tion to  the  nutritive  value  of  the  proteida  and  gelatine.  The  early 
investigations  made  by  Mai.t,  Plos'z  and  GYBBoyAT,  and  Adah- 
KiEwic'z  have  led  to  the  conclusion  that  an  animal  with  fond  whio 
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contuiiiB  no  proteida  besides  peptonea  may  not  only  preserve  iti 
nitrogenous  equilibrium,  but  indeed  its  proteid  condition  may  in- 
crease. In  opposition  to  this  VoiT  believes,  busing  his,opinion  upon 
some  recent  experiments  conducted  by  Fbdbr,  that  the  peptones  are 
completely  destroyed  in  the  body;  that  indeed  by  their  ability  of 
Sparing  the  proteids  they  entirely,  or  almost  entirely,  prevent  the 
consumption  of  proteids,  but  cannot  pass  into  proteid.  The  gen- 
eral viuw  is  still  that  (see  page  231)  peptones  are  reconverted  inta  ] 
proteida  in  the  body. 

In  the  above-mentioned  expei'imenta  with  peptones  a  mixture  of 
alliumoBes  and  peptones  in  the  modern  sense  was  used.     Recently 
ZuNTZ  and  Pollitzer  have  made  eiperimenta  on  doga  partly  with 
meat  and  partly  with  pure  peptones  and  albumoses  of  varions  kinds. 
In  these  experiments  a  deposit  of  proteids  (retention  of  a  part  of  I 
the  nitrogen)  seems  to  have  taken  place  in  the  body,  and  if  a  cor-   , 
rection  be  made  for  that  nitrogen  which  is  contained  in  the  extra<^ 
live  bodies  of  the  meat,  then  the  investigated  digestive  products 
aeem  to  have  abont  the  siime  nutritive  value  for  tlie  body  as  the  J 
corresponding  quantity  of  proteids  of  the  meat. 

From  experiments  made  by  Weiskb  on  herbivora  it  appears  j 
that  asparagin  may  spare  albumin  in  such  animals.  In  carni^ 
(J.  MuNK)  and  in  mice  (Voir  and  Politis)  it  was  fonnd  that  i 
asparagin  does  not  seem  to  have  any  sparing  action  on  the  proteida.  f 
It  is  not  known  bow  it  acts  in  man. 

Exchange  of  Material  on  a  Diet  consisting  of  Proteid  and  FaL 
Fat  cannot  arrest  or  prevent  the  tleatruction  of  proteids ;  but  it  can 
docroiise  it.  and  ho  spare  the  proteids.     This  is  apparent  from  iho    i 
fnllowing  tabic  of  VoiT.     A  is  the  average  for  three  daya.  and  B  for 
six  daya 

TABLE  Vn. 


MetabollKd. 
1512 
1474 


The  adigtoao  tisaue  of  the  body  acts  like  the  food-fat,  and  th«   . 
proteiil-Bparing  effect  of  the  former  may  be  added  to  that  of  th« 
]»tt«r,  so  that  a  body  rioli  in  fat  may  not  only  remain  in  nitrogenona 
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equilibrinm^  bat  may  even  add  to  the  store  of  bodily  proteids,  while 
in  a  lean  body  with  food  containing  the  same  amount  of  proteids 
and  fat  there  would  be  a  loss  of  proteids.  In  a  body  rich  in  fat  a 
grtoter  amount  of  proteids  is  protected  from  metabolism  by  a  cer- 
tain quantity  of  fat  than  in  a  lean  body. 

Because  of  the  sparing  action  of  fats  an  animal  by  the  addition 
of  fat  to  its  food  may,  as  is  apparent  from  the  tables,  increase  its 
proteid  condition  with  a  quantity  of  meat  which  is  insufficient  to 
preserve  nitrogenous  equilibrium.  The  proportion  of  proteids 
and  fats  in  the  food  is  of  the  greatest  importance  in  regard  to  in- 
creasing the  proteids  of  the  body.  With  an  exclusively  proteid  diet 
the  metabolism  of  proteids  increases  with  the  increased  amount 
of  proteids  in  the  food,  and  this  behavior  is  not  prevented  by  the 
addition  of  fat  to  the  food,  even  though  the  absolute  extent  of  the 
metabolism  of  proteids  is  somewhat  diminished.  In  the  presence 
of  a  great  deal  of  proteid  in  proportion  to  the  fat  of  the  food,  very 
large  quantities  of  proteid  are  necessary  for  the  maintenance  of 
nitrogenous  equilibrium,  as  well  as  for  an  increase  of  proteid,  while 
by  the  addition  of  a  relatively  large  amount  of  fat  to  the  proteids 
such  a  result  is  reached  even  with  comparatively  small  amounts  of 
proteids.    The  following  table  will  elucidate  this  point: 

TABLE  VIII. 

Food.  FlMh. 


Meat  Fat.  MetaboUxrd.    On  the  Body. 

450  2JK)  844+106 

1000  250  875  +125 

1600  250  1881  +119 

The  table  shows  thut  also  in  the  presence  of  fat  the  proteid  de- 
struction decreases  with  increased  amounts  of  proteids  in  the  food, 
and  that,  because  of  this,  in  the  given  examples  no  essentially  in- 
creased metabolism  of  proteid  is  obtained  with  a  diet  of  1500  grms. 
meat  and  250  grms.  fat  than  with  450  grms.  meat  and  the  same 
quantity  of  fat.  The  importance  of  this  fact  will  be  spoken  of 
later. 

If  the  quantity  of  meat  in  the  food  is  kept  constant  by  feeding 
with  meat  and  fat,  while  the  fat  varies,  then  the  destruction  of  pro* 
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teidfl  may  gradually  decrease  with  increased  quantity  of  fat.  This 
does  not  always  take  place,  but  on  feeding  nitli  increased  amounts 
of  carboliyd  rates  it  does  (Voit). 

The  Bauie  sparing  action  on  proteids  whicli  the  neutral  fuls 
have  ocGui's,  according  to  J.  Munk,  also  with  the  fatty  aciUe,  while 
the  second  chief  coustituont  of  the  neutral  fats,  glycerine,  when  it 
is  taken  in  quantities  equal  to  1-2  grms.  per  kilo  of  the  body  do«s 
not  Boem  to  have  any  influence  on  proteid  metuboUsm  (J.  Monk). 

In  regard  to  the  meUibolUiii  offal,  it  has  been  found  that  with  a 
constant  quantity  of  proteid  in  the  food  the  metabolism  of  fat  in- 
creases with  variable  amounts  of  absorbed  fats.  The  following 
table  seems  to  show  this: 


TABLE  rS- 

Fo. 

]d. 

FSL 

■»lo»l. 

FbL 

MBtAlwliifll.    Oq  the  Body. 

QOO 

0 

47                -47 

500 

100 

66                +84 

BOO 

300 

lOB                +  SI 

The  fat  of  the  body  acts  like  the  fat  of  the  food.  A  body  rich 
in  fat  decomposes  a  greater  fraction  of  fat  tlitin  a  lean  body,  and 
the  same  quantity  of  absorbed  fat  of  tho  food,  which  in  a  fut  body 
is  completely  decomposed,  may  in  a  lean  body  cause  a  deposit  of 
fat.  If  the  body  tiikea  greater  amounts  of  fat  and  proteids  than  it 
can  decompose  in  tlm  same  time,  then  with  increasing  aniouuta  of 
absorbed  fats  the  fraction  of  the  same  which  is  deposited  in  the 
body  also  inoreaaea  (see  Table  IX).  The  greatest  deposit  of  pro- 
ti'ida  and  fat  occurs  after  takhig  medium  quantities  of  both  iii 
proper  pro])Ortion  to  each  other  (see  below). 

Exchange  of  Material  with  a  Diet  conaisting  of  Proteids  and 
Carbohydrates.  TJiat  which  lias  been  said  above  in  regard  to  the 
illation  of  fiitij  ou  the  metuhi'lium  of  proteith  answers  essuntially  also 
for  tlm  i;arbobydratcs.  'I'he  carbohydrates  may  also  spare  the 
proteids.  By  the  addition  of  carlwhyd rates  to  the  food  the  carnivora 
not  only  remains  in  nitrogenous  equilibrium,  but  the  aanie  quantity 
of  meat  which  iu  itself  is  insufficient  aud  wliich  without  carbo- 
bydratOB  would  cause  a  loss  of  weiglit  in  the  body  may  with  the 
addition  of  carbohydrates  produce  a   deposit  of  proteids.     The 
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carbohydrates  have  a  stronger  sparing  action  on  proteids  than  fats 
(Voit).     This  is  apparent  from  the  following  table  : 


TABLE    X. 

Food. 

• 

Flesh. 

Meat. 

Fat.       Sugar. 

Starch. 

MetabollMd.  On  the  Body. 

500 

260 

• « « 

668 

-   68 

600 

. • .         800 

•  • « 

466 

+   84 

600 

200 

... 

606 

-     6 

800 

•  •  •                  •  •  • 

260 

746 

+    66 

800 

200 

•  •  • 

778 

+  27 

2000 

•  •  •                  •  •  • 

200-800 

1792 

+  208 

2000 

260 

• . . 

1888 

+  117 

Because  of  the  great  sparing  action  of  carbohydrates  on  the 
proteids,  the  herbivora,  whose  food  generally  contains  large  quanti- 
ties of  carbohydrates,  easily  increase  in  proteids  (Voir). 

While  with  the  same  amount  of  flesh  increased  amounts  of  fat 
in  the  food  do  not  continuously  decrease  the  destruction  of  proteids, 
according  to  Voit  the  carbohydrates  habitually  decrease  the 
metabolism  of  proteids.  This  is  seen  from  the  previous  table,  but 
is  more  apparent  from  the  following  : 


TABLE  XL 

Food. 

Fleeh. 

1 

Meat. 

Carbohydrates. 

Metabolised.  On  the  Body. 

600 

100 

687 

-    87 

600 

200 

606 

-     6 

600 

800 

466 

+  84 

2000 

100 

1847 

+  168 

2000 

200 

1778 

+  222 

2000 

200 

1780 

+  220 

With  the  addition  of  carbohydrates  to  the  food  the  destruction 
of  proteids  increases  with  an  increased  amount  of  proteids.  In  the 
presence  of  only  small  amounts  of  carbohydrates  very  large 
amounts  of  proteids  are  necessary  in  the  food  to  produce  an  increase 
in  the  proteids  of  the  body,  while  the  result  is  more  simply  and 
advantageously  attained  by  considerably  less  proteids  and  propor- 
tionally more  carbohydrates. 

The  action  of  the  carbohydrates  on  the  accumulation  of  fat 
has  been  demonstrated  by  the  investigations  of  Voit  and  Petten- 
KOFEB  showing  that  the  carbohydrates  not  only  decrease  the 
metabolism  of  fat  and  prevent  its  loss,  but  also  cause  its  accumu- 
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Istion.  The  various  views  in  regard  to  the  iniportance  of  tLe 
carbohydrates  in  the  formation  of  fat  which  have  been  Huggested 
from  time  to  time  have  been  givi>n  on  page  249,  and  it  ia  there 
stilted  that,  according  to  the  present  viuw,  tiie  carbohydrates  not 
only  spai-e  the  fat,  but  may  also  be  converted  into  fat  in  the  body. 

The  very  imiwrtant  question  us  to  the  conditions  for  the  depo- 
sition of  fat  and  flesh  in  the  body,  stands  in  close  relatioti  to  what 
has  just  been  said  in  regard  to  food  consisting  of  proteids  and 
carbo  hydrates. 

In  the  previoHB  pages  it  was  repeatedly  stated  that  an  exclusive 
diet  rich  in  proteids  canist-s  an  increased  dL-struction  of  proteida,  and 
that  snch  a  diet  GOon  pruduceua  nitrogenuus  (.-quilibrium.  By  the 
excinaive  increased  ad  ministration  of  proteids  the  proteid  condition 
of  the  body  may  be  increased  only  for  a  short  time  and  to  a  small 
extent,  and  this  only  when  the  body  was  previously  proportioiially 
well  fed.  This  does  not  occur  in  bodies  poor  in  fat  from  disease  or 
from  some  other  cause.  If  we  wt^h  to  cause  a  deposition  of  pro- 
teids in  the  body,  then  we  must  administer  in  sufficient  amounts 
with  tho  food,  besides  proteida,  also  other  bodies  which  will  spare 
the  proteids,  such  us  gelatine,  fat,  or  carbohydrates,  and  indeed,  for 
Buveral  reasons,  chiefly  fat  and  carbohydrates. 

It  has  also  been  previoualy  stated  that,  because  of  the  property 
of  the  proteids  to  raise  the  proteid  metabolism,  an  accumulation  of 
proteids  may  bo  caused  more  economically  and  better  with  a  medium 
amonut  of  proteids  and  proportionally  more  non-nitrogenized  sub- 
stauces  than  with  a  greater  amount  of  proteids  and  proportionally 
leaa  non-nitrngenized  bodies.  Above  nil,  such  a  proper  relation 
between  proteids  and  non-nitrogenized  bodies  is  important  when  we 
aim  at  keeping  the  deposit  of  flesh  for  a  longer  time.  The  follow- 
ing exti-acta  from  VoiT'e  tables  are  instructive  in  this  regard  : 


Number  ot 

BlUaiOD 

f 

TABLE  Xir. 

?^                 T01.J  totmril  of    NiliwBOOi 

otExpehm 
S3 
S 
S 

4 
7 
8 

Uact.  tmu 

50O 
780 
lOOO 
1500 
IMOO 
2OO0 

2.-H)                17M 
2M                  271 
2.W                  875 
350                  47(1 
250              mi 
-250                  353 

L      Kq«Jllbhuni. 

not  ^1 
near 

ntlrofienouB  eq 
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Tlie  greatest  absolute  deposition  of  flesh  in  the  body  wub 
obtatoed  in  these  cases  with  only  5IKI  gnns.  flesh  and  250  grms.  fat, 
and  e^en  after  33  days  the  nitrogenous  equilibrium  had  not  occurred. 
On  feeding  with  1800  grms.  meat  and  250  grms.  fat  the  nitrogenous 
equilibrium  occurred  after  7  days  ;  and  though  the  deposition  of 
fletih  per  day  wits  greater,  still  the  absolute  deposit  was  not  one  half 
aa  great  as  in  the  former  case.  Tnasmuch  as  the  quantity  of  pro- 
t«idB  does  not  decrease  below  a  certain  amount,  it  seems  that  the 
most  abundant  and  most  lasting  deposition  of  fiesh  is  obtained  with 
a  food  which  does  not  contain  too  mnch  proteids  in  proportion  to 
the  fat.  The  same  is  also  true  of  a  diet  consisting  of  proteids  and 
carbohydrates. 

From  the  above  couditions  concerning  a  deposit  of  fat  in  the 
body  it  follows  that  such  a  deposit  may  indeed  occur  with  an 
exflusively  flesh  diet,  but  that  in  this  case  it  is  only  very  small  even 
when  large  amonnts  of  proteids  are  taken.  For  the  prodaetion  of 
an  abundant  deposit  of  fat  the  body  must  take  with  the  food,  besides 
proteids,  cither  fats  or  carbohydrates  or,  which  is  best  for  huimm 
beings,  fat  and  carbohydrates  simaltaneonsly.  The  carbohydrates 
are  of  special  Importance  liecause  they  are  generally  cheaper  in 
comparison  with  the  fats.  As  the  non-nitrogeuized  bodies  aru, 
according  to  all  appearances,  the  moat  important  source  of  mnscular 
activity,  then  diminished  bodily  work  or  rest  must  bo  a  favorable 
condition  for  the  deposition  of  fat  in  the  body.  Heat,  with  a 
proper  combination  of  the  three  chief  groups  of  organic  food,  ia 
therefore  of  great  importance  in  fattening,  the  object  being  to 
cause  as  great  an  increase  as  possible  in  the  mass  of  the  proteids 
and  fats  in  the  body  in  the  cheapest  way. 

Action  of  certain  other  Bodies  on  the  Exchange  of  Material. 
Water.  If  a  quantity  in  excess  of  that  which  is  necessary  is  intro- 
duced into  the  organism,  the  excess  ia  quickly  and  principally 
eliminated  with  the  urine..  This  increased  elimination  of  urine 
causes  in  fasting  animals  (VoiT,  Forstbh),  but  not  to  any  mention- 
able  degree  in  animals  taking  food  (Sekgen',  Mcnk,  Mayer),  an 
increased  elimination  of  nrea.  The  reason  for  this  increased  elimi- 
nation ia  sought  for  in  the  fact  that  the  abundant  drinking  of  aster 
causes  a  complete  washing  out  of  the  nrea  from  the  tiasnes.  An- 
other view,  which  is  defended  by  VoiT,  is  that  beoauee  of  the  more 
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uctive  current  of  fluids  after  taking  large  quantities  of  water  an 
increase<i  metabolism  of  proteids  takes  placu.  VoiT  considers  this 
explanation  is  the  correct  one,  altliough  he  does  not  deny  that  by 
the  abundant  administration  of  water  a  more  complete  washing  oat 
of  the  urea  from  thtt  ti^ues  takes  iilaoe. 

In  regard  to  tlie  action  of  water  ou  the  formation  of  fat  and  its 
metabolism,  the  view  that  abundant  drinking  of  water  is  favorably— 
for  the  deposition   of  fat   seems  to  be  generally  admitted,  whilial 
taking  only  very  little  water  acts  against  its  formation. 

Sallx.  The  excretion  of  nrine,  even  when  no  great  quantitieel 
of  water  are  taken,  is  increased  by  common  salt,  and  the  elimina-l 
tion  of  urea  is  also  increased  at  the  same  time.  The  same  two  J 
possibilities  may  be  considered  for  this  last  as  in  the  action  of  water  1 
on  the  excretion  of  urea.  The  experiments  continued  for  a  long  J 
time  by  VoiT,  in  which  the  absolute  increase  of  the  elimination  of  J 
urea  was  considerable  (1U6  grme.  in  49  days),  render  the  conclusioa  I 
probable  that  common  salt  somewhat  increases  the  metabolism  o^l 
the  protcids.  Certain  other  salts,  such  as  potassium  chloride,  f 
aodtum  sulphatf.  sodium  phosphate,  acetate,  saltpetre,  and  ] 
ammonium  chloride,  also  seem  to  act  like  common  salt.  Sodium  \ 
borate  and  the  sodium  salts  of  salicylic  and  benzoic  acids  also  s) 
to  have  an  increased  :iction  on  the  metabolism  of  proteids. 

Alcohol,   The  question  as  to  how  far  the  alcohol  absorbed  in  the  J 
intestinal  canal  is  burnt  in  the  body,  or  whether  it  leaves  the  body  1 
unchanged   by  various  channels,  has  been  tho  subject  of  much  dis-  j 
cuBsiou.  To  ;dl  appearances  the  greatest  part  of  the  alcohol  is  burnt.  J 
According  to  Bodlander,  1.18<(  of  the  alcohol  taken  is  eliminated  J 
with  the  uriue,  0.14;<  by  the  evaporation  from  the  skin,  and  1,6)<  ] 
with  the  expired  air.    The  remainder,  or  about  97^,  is  burnt  in  the 
body.     As  the  alcohol  is  in  greatest  part  burnt  in  the  body,  then 
the  question  arises  whether  it  acts  sparingly  on  other  bodies,  and 
whether  it  is  to  be  considered  as  a  nutritive  body.     The  investiga^ 
tions  made  to  d<>oide  this  i^ncHtiun  have  led  to  no  decisive  result. 
In  the  experiments  on  the  i'llminatiuii  of  nitrogen  in  human  beings 
sometimes  a  dimiutslied   (Hahmohu,  K,  8uith,  OsRHtaKR),  some- 
times an  unchanged  (PAiiitEa  and  Wollowicz),  and  in  other  cases 
'  Ml  inoreased  (Forstkr  and  Kcjukvn)  elimination  of  nitrogen  was 
[  cbsorved    after  the  adminiiitraliun  oi  small  amounts  of  alcohoL 
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FoKKER  and  J.  Munk  after  the  administration  of  small  amounts  of 
alcohol  to  dogs  found  a  diminished,  and  after  large  amounts  an 
increased,  metabolism  of  proteids. 

Many  obseryatious  have  been  made  in  regard  to  the  extent  of 
exchange  of  gas  after  taking  alcoliol.  Boeck  and  Bauer  observed 
in  dogs  after  giving  small  amounts  of  alcohol  that  the  consumption 
of  oxygen  as  well  as  the  elimination  of  carbon  dioxide  was  increased. 
BoDLAKDEB  found  in  rabbits  and  dogs  a  decrease  in  the  consump- 
tion of  oxygen  and  the  elimination  of  carbon  dioxide,  while  WoL- 
FEBS  found  an  increased  consumption  of  oxygon  in  rabbits.  In  an 
investigation  on  the  human  body  Zuntz  and  Bebdez,  and  also 
Oeppebt,  observed  no  essential  change  in  the  respiratory  exchange 
of  gas  after  small,  non-intoxicating  doses  of  alcohol.  As  alcohol  is 
in  greatest  part  burnt  up  in  the  body  and  tiie  exchange  of  gas  is 
nevertheless  not  essentially  raised,  it  seems  as  if  the  alcohol  dimin- 
ishes the  combustion  of  other  bodies  and  thereby  has  a  sparing 
value.  This  value  may  still,  if  it  really  has  such  an  action,  be  of 
essential  importance  only  in  certain  cases,  as  large  quantities  of 
alcohol  taken  at  once  or  the  continued  use  of  smaller  quantities  has 
injurious  action  on  the  organism.  Alcohol  may  therefore  be  con- 
sidered as  a  nutritive  body  in  exceptional  cases  only,  and  it  other- 
wise must  be  considered  as  an  article  of  luxury. 

Coffee  and  tea  have  no  positively  proved  action  on  the  exchange 
of  material,  and  their  importance  lies  chiefly  in  their  action  upon 
the  nervous  system. 

IV,  The  Dependence  of  the  Exchange  of  Material  on 

Other  Conditions. 

Rest  and  Work.  According  to  Liebio,  muscular  activity  is  con- 
nected with  an  increased  metabolism  of  proteids,  but,  as  has  been 
mentioned  on  page  267,  the  investigations  of  others,  especially  Voir 
on  dogs,  and  of  PETTByKOFEB  and  Voit  on  man,  show  that  the 
total  elimination  of  nitrogen  during  activity  or  as  a  result  of  the 
same  is  not  mentionably  increased.  It  is  indeed  true  that  certain 
investigators  have  observed  an  increased  elimination  of  nitrogen  in 
special  cases;  but  this  increase  has  been  explained  in  other  "ways. 

Work  may,  for  instance,  when   it  is  connected   with   violent 
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movemenls  of  the  body,  easily  oaase  dyepncea,  and  tliis  last  may,  ti8 
Fa&NKEL  has  ehowii,  since  diminution  of  tbe  oiygen  supply  ia- 
creasea  tbe  proteid  metaboliBoi,  cauEe  an  iucreaee  in  the  etimiuation 
of  nitrogen,  lu  other  series  of  experiraentB  the  quantity  of  carlK)- 
hydrates  and  fats  in  the  food  waa  not  sufficient;  the  supply  of  fat 
in  the  body  was  decreased  thereby,  and  the  destruction  of  proteids 
was  also  correspondingly  increased.  Work  may  also  IncreiiBo  the 
appetite,  and  an  increaEe  in  the  elimination  of  nitrogen  may  be 
caused  by  the  greater  quantity  of  proteids  taken.  Accoidiug  to  j 
the  generally-accepted  views,  muscular  activity  hiia  hardly  any  in- 
fluence on  the  metabolism  of  proteids. 

On   the  contrary,  it  haa  a  very  conBiderable  influence  on  the  ' 
metaboliBm  of  non-nitrogenized  bodies  and — ub  a  measure  of  the 
extent  of  the  metabolism — on  the  elimination  of  carbon  dioxide 
and   the  consumption   of  oxygen.     This  action,  which  was  first 
observed  by  Lavoisiek,  has  recently  been  confirmed  by  many  in- 
veetigiitors.     Pettek kopek  and  Voir  have  made  investigations  as 
to  the  metabolism   of  tho  nitrogenized   as   well  as  of   the  noa- 
nitrogtuized  bodies  during  rest   and  work,  partly  while  fasting  J 
and  partly  on  a  mixed  diet.     The  experiments  were  made  on  i 
full-grown  man  weighing  70  klloa.     The  results  are  contained  in  ' 
the  following  table : 

TABLE  XIII. 
Congumiitlan  of 


Pnildda.  rat,  Carbobfdrates. 

I  Heat..    78       S15 

■  "(  Work    75       880 

Mixed  diet  j  ^^^^  ijfj        ,,3  353 


Faatfsg. . 


1200 


The  work  in  this  case  had  no  influence  on  the  destruction  of 
proteids,  while  tho  consumption  of  non-nitrogenizcd  bodies  and  ' 
the  elimination  of  water  by  the  skin  and  lungs  was  considerabljj 
increased. 

The  question  of  the  exchange  of  material  in  sle^p  and  waking 
atands  in  close  relationship  to  the  exchange  of  material  in  rest  andl 
activity.     According  to  Petteskofer  and  Voir,  the  metabolism  o 
protfiids  is  not  constantly  influenced  by  these  two  different  c 
tioni>;  nn  the  other  hand,  the  production  of  carbon  dioxide 
Il»faItRally  greater  during  the  day  than  iti  tbe  night.     If  ex 


EXCHANQB  OF  MATERIAL,  469 

work  has  been  done  during  the  day,  the  elimination  of  carbon 
dioxide  may  be  decreased  during  the  following  night.  In  sleep 
the  metabolism  of  non-nitrogenized  substance  is  indeed  smaller 
than  in  rest  without  sleep  (Levin),  and  it  is  less  the  more  sound 
the  sleep. 

The  reason  for  the  less  abundant  elimination  of  carbon  dioxide 
in  sleep  does  not  only  depend  upon  muscular  rest  but  also  on 
several  other  conditions,  among  which  are  the  absence  of  light  and 
other  excitants  which  act  in  the  day  and  which,  as  it  seems,  cause 
a  reflex  of  the  chemical  tonus  of  the  muscles  and  thereby  produce 
an  exchange  of  material.  Such  a  regulation  of  the  exchange  of 
material  and  the  production  of  heat  brought  about  by  the  nerres 
of  the  skin  which  is  produced  by  the  influence  of  the  chemical 
tonus  of  the  muscles  shows  that  the  external  temperature  is  of  the 
greatest  importance  in  the  exchange  of  material. 

Action  of  the  temperature  of  the  surrounding  air.  In  cold- 
blooded animals  the  production  of  carbon  dioxide  increases  and 
decreases  with  the  rise  and  fall  of  the  surrounding  temperature. 
In  warm-blooded  animals  this  condition  is  the  reverse.  By  the 
investigations  of  Ludwig  and  Sanders-Ezk,  PPLttGEB,  Duke 
Charles  Theodobb  of  Bavaria,  and  others,  it  has  been  demon- 
strated that  in  warm-blooded  animals  the  change  in  the  external 
temperature  has  different  results,  according  as  the  animaPs  own 
heat  remains  the  same  or  changes.  If  the  temperature  of  the 
animal  sinks,  the  elimination  of  carbon  dioxide  also  sinks;  if  the 
temperature  rises,  the  elimination  of  COs  also  rises.  If,  on  the 
contrary,  the  temperature  of  the  body  remains  unchanged,  then  the 
elimination  of  carbon  dioxide  increases  with  a  lower  and  decreases 
with  a  higher  external  temperature.  This  condition  may  be  ex- 
plained, according  to  Pfluoer  and  Zuntz,  by  the  statement  that 
the  low  temperature,  by  exciting  a  reflex  action  in  the  sensitive 
nerves  of  the  skin,  causes  an  increased  metabolism  of  the  muscles 
with  an  increased  production  of  heat  affecting  the  temperature  of 
the  body.  The  increased  exchange  of  material  produced  at  a  low 
external  temperature  only  applies,  as  far  as  is  known,  to  the  non- 
nitrogenized  substances,  but  not  to  the  proteids. 

Weight  of  Body  and  Age.  The  greater  the  mass  of  the  body  the 
greater  the  absolute  consumption  of  material;  while,  other  things 
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being  equal,  on  the  contrary,  as  above  stated  in  speaking  of  the 
exchange  of  material  in  starvation,  a  small  individual  of  the  same 
species  of  animal,  because  of  its  relatively  greater  surface  of  body 
and  therefore  its  relatively  greater  surface  of  heat,  decomposes 
relatively  more  substance.  With  about  the  same  bodily  weight 
the  destruction  of  proteids  is  smaller  with  a  greater  amount  of  fat. 
In  women,  who  generally  have  less  bodily  weight  and  greater 
amount  of  fat  than  men,  the  consumption  of  proteids  and  the 
metabolism  of  material  in  general  is  therefore  smaller,  and  the 
latter  is  ordinarily  about  \  of  that  of  men.  Otherwise  the  sex  does 
not  seem  to  hrve  any  special  influence  on  the  exchange  of  material. 

Young  animals  have,  for  the  reason  above  mentioned  (page  444), 
a  greater  exchange  of  material  than  older  ones,  and  they  decompose 
a  greater  quantity  of  substance  per  kilo.  In  regard  to  the  exchange 
of  material  in  children  the  investigations  of  Scharling  and  Fob- 
STER  on  the  elimination  of  carbon  dioxide,  and  of  Camerbr  on  the 
elimination  of  urea,  are  important. 

FoRSTER  found  in  children  at  the  ages  given  and  at  rest  the 
following  elimination  of  carbon  dioxide  per  kilo  in  one  hour: 

a-5  vears 1.17  grms.  CO, 

6-7'"     1.17    •* 

9-13"     0.90    •* 

In  a  grown  man  at  rest  Pettenkofer  and  Voir  found  the 
elimination  of  carbon  dioxide  with  a  mixed  diet  was  0.55  grm.  per 
kilo  in  one  hour.  In  children  of  3  to  7  yetirs  the  elimination  of 
COj  per  kilo  is  more  than  double  that  of  grown  persons.  At  the 
age  of  16  years  the  elimination  of  carbon  dioxide  per  kilo  is  about 
the  same  as  in  grown  persons. 

Camerer  has  found  the  following  results  as  to  the  elimination 
of  urea  in  children : 

TABLE  XIV. 

Aee.  Weight  of  Body  in  Kilos.  Urea  in  grmii. 

Per  Day.  Per  Kilo. 

7  months 6.50  5.0  0.75 

H  years 8  95  12.1  1.85 

8  •     12  61  11.1  0.90 

4  •'     17.43  14.6  0.84 

5  ••     16.20  12.3  0.76 

7  •*     18  80  13.9  0.74 

9  *'     25.10  17.3  0.69 

12*  '*     32  60  •               17.6  0.54 

15  *•     85.70  17.9  0.50 
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In  adults  weighing  about  70  kilos  about  30  to  35  grms.  urea  \iQT 
day  are  eliminated,  or  0.5  grm.  per  kilo.  At  about  15  years  of  age 
the  destruction  of  proteids  per  kilo  is  about  the  same  as  in  adults. 
The  relatively  greater  metabolism  of  proteids  in  young  individuals 
is  explained  partly  by  the  fact  that  the  metabolism  of  material  in 
general  is  more  active  in  young  animals,  and  partly  by  the  fact  that 
the  young  animal  is  as  a  rule  poorer  in  fat  than  the  grown  ones. 

V.    Potential  Energy  and  the  Relative  Nutritive  Value  of 

Various  Organic  Foods. 

With  the  organic  foods  the  organism  receives  a  supply  of  poten 
tial  energy  which  is  converted  into  living  force  in  the  body.  This 
potential  energy  of  the  various  foods  may  be  represented  by  the 
amount  of  heat  which  is  set  free  in  their  combustion.  This  quan- 
tity of  heat,  expressed  in  calories,  if  we  consider  the  calorie  as  that 
quantity  of  heat  which  is  necessary  to  raise  1  grm.  of  water  from 
0°  G.  to  1°  C,  is  the  following  for  1  grm.  of  the  substance. 

TABLE  XV. 

Calories  io  Calorim  In 

Dry  Hubittaiice.    Ash-free  Kubbtance. 

Proteids  (In  meat) 5754  5778  ) 

Mii8(!le   5345  6656  VRubnbr. 

Fat  (pig-fat,  melt.  pt.  +  48') 9428  ) 

Grape-sugar 86921 

Milk-sugar 8877  1  stohmann 

Cane-sugar 8939  ^^tohmann. 

Starch 4116  J 

Fat  and  carbohydrates  are  completely  burnt  in  the  body,  and  we 
can  therefore  consider  their  combustion  equivalent  as  a  measure  of 
the  living  force  developed  by  them  within  the  organism.  The  pro- 
teids act  differently.  They  are  only  incompletely  burnt,  and  they 
yield  certain  products  of  decomposition  which,  leaving  the  body 
with  the  excreta,  still  represent  a  certain  amount  of  potential 
energy  which  is  lost  for  the  body.  The  heat  of  combustion  of  the 
proteids  is  smaller  within  the  organism  than  outside  of  it,  and  they 
must  therefore  be  specially  determined.  For  this  purpose  Burner 
fed  a  dog  on  washed  meat.    He  subtracted  from  the  heat  of  com- 
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bustion  of  the  food  the  heat  of  combustion  of  the  urine  and  tames, 
which  correspouded  to  the  food  taken  plus  the  quantity  of  heat 
necessary  for  the  swelling  up  of  the  albuminous  bodies  and  the 
solution  of  the  urea.  Rubner  htis  also  tried  to  determiue  the  hest 
of  combustion  of  the  proteida  (muscle-proteids)  decomposed  in  the 
body  of  rabbits  in  starvation.  According  to  these  iuvestigutions, 
the  physiological  bent  of  combustion  in  caloiies  for  each  gramme  of 
eubstaucc  is  aa  follows: 

TABLE  XVL 

1  grm.  ot  the  Dcr  SutnUDcs.  Calori««, 

Proteids  from  meal 4424 

Muscle 4000 

Protelds  in  sMrTatioo 8842 

Fai  laverajjB  for  vsrioua  fa«) 9800 

Carboliydrai«s  (calculated  average) 4100 

The  pliyaiological  combustion  value  of  the  various  foods  beloug- 
ing  to  the  same  group  is  not  quite  the  same.  It  is,  for  instance, 
3969  calorics  for  a  vegettLble  albuminous  body,  conglutin,  and  4421 
calories  for  an  animal  albuminona  body,  syntonin.  According  to 
BtTBNBB,  we  may  consider  the  normal  beat  value  per  1  grm.  of  ani- 
mal proteid  as  4:233  calories,  and  of  vegetable  protoid  as  3960  calo- 
ries. When  a  person  on  mixed  diet  takes  about  GO;t  of  the  proteids 
from  animal  foods  and  about  40#  from  vegetable  foods,  then  we 
may  consider  as  the  value  of  1  grm.  of  the  proteid  of  the  food  aa 
about  4100  calories.  The  physiological  value  for  each  of  the  three 
chief  groups  of  organic  foods,  by  their  decomposition  iu  the  body, 
JB  in  round  uumbers  as  follows: 

TABLE  KVIL 

1  grm,  proteid =4100 

1    -     fat =9300 

1     ■■     carbohydrate =4100 

As  above  stated  several  times,  the  fate  and  carbohydrates  may 
decrease  the  metabolism  of  proteids  in  the  body,  while,  on  the  other 
hand,  the  quantity  of  proteids  in  the  body  or  in  the  food  acta  on 
the  metabolism  of  fat  in  the  body.  In  the  physiological  combustion 
the  various  foods  may  replace  one  another  to  a  certain  extent,  and 
it  is  therefore  important  to  know  in  what  proportion  they  replace 
one  another.     The  investigations  made  by  Bubhkr  have  taught  us 
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that  wheu  wb  wieili  to  diminish  the  loss  of  fut  or  to  uccumulute  fat 
it  takes  place  in  proportions  that  correspond  to  the  figures  of  the 
heat  value  of  the  sume.  Thia  is  app»rent  from  the  following  table. 
In  thia  we  find  the  weight  of  the  viirious  foods  equal  to  100  grins. 
fat,  a  piirt  determiaed  from  eiperimentB  on  auimale  and  a  part 
calculated  from  figures  of  the  heat  valueu. 
TABLE  XVin, 
100  gnus,  fat  arc  equal,  to  or  tsodyuainlc  wllh : 

From  Bipeiiinanta  From  lbs  Difference, 

oD  wulniiaa.  H«t  Value  per  iHiiit. 

SyntoDlo 225  m  -fas 

Muscle-Ueah  (dried)..  343  2U5  4-4.8 

Starch 38a  329  +1.8 

Cane-siigar 3M  SBS  —  0 

Grape-augar 256  358  -  0 

From  the  given  isodynamic  value  of  tlie  various  foods,  it  followa 
that  these  substances  replace  one  another  in  the  body  almost  in 
exact  ratio  to  the  poteutial  energy  contained  in  them.  Thus  m 
round  numbei's  240  grms.  carbohydrate  are  eqnal  to  or  isody- 
namic with  100  grms.  fat,  but  only  in  regard  to  its  ability  to  pre- 
vent the  loss  of  fut.  In  regard  to  the  sparing  of  proteida  the 
carbohydrates  accomplish  more  than  the  same  quantity  of  fat 
(page  463),  The  knowledge  of  these  isodynamic  values,  as  well  as  of 
the  potential  energy  in  the  various  foods,  is  of  fundamental  impor- 
tance in  the  calculation  of  the  diet  of  human  beings  under  various 
conditions. 

VI.  The  Need  of  Man  for  Food  under  Various  Conditions. 

Various  attempts  have  been  made  to  determine  the  daily  amount 
of  organic  food  needed  by  man.  Certain  investigators,  such  as 
Playfair,  Moleschott,  and  others,  have,  from  the  total  consump- 
tion of  food  by  a  large  number  of  similarly-fed  individuals,  soldiers, 
sailors,  laborers,  etc.,  calculated  the  average  quantity  of  food 
required  per  head.  Others,  such  as  PARKua,  Smith,  and  Voir, 
have  calculated  the  daily  demand  of  food  from  the  quantity  of 
carbon  and  nitrogen  in  the  eiccreta.  Others  again,  as  Petten- 
KOP£R  and  Voir,  have  calculated  the  quantity  of  nutritive  material 
in  a  diet  by  which  an  equilibrium  was  maintiiined  in  the  individual 
for  one  or  several  days  between  the  consumption  and  elimination 
of  carbon  and  nitrogen.     L.igtly,  others,  especially  Fobstek,  have 
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qutiDtitatively  determined  during  a  period  of  several  days  the 
orgiinic  nutritive  Bubstatices  congumed  daily  by  pereoua  cliooeing 
their  own  food,  who  were  employed  in  variouB  industriea,  and  on 
which  they  felt  well  and  fully  capable  of  labor. 

Among  these  metiioJs  a  few  are  not  quite  free  from  reproach 
and  others  have  not  as  yet  been  tried  on  a  sufficiently  large  scale. 
Nevertheless  the  esperiments  collected  tiius  far  serve,  partly  be- 
raiiiise  of  their  number  and  partly  because  of  the  methods,  to  correct 
and  control  one  another,  and  also  serve  as  a  good  starting-point  in 
determining  the  diet  of  various  classes  and  similar  ({tiestious. 

If  we  convert  the  quantity  of  nutritive  snbstitnce  daily  taken 
into  calories,  produced  during  physiologiccU  combustion,  we  then 
obtain  some  idea  of  the  sum  of  the  ciieniical  tension  which  under 
different  conditions  is  introduced  into  the  body.  It  must  not  be 
forgotten  that  the  food  is  never  completely  absorbed  and  that 
undigested  or  nnabaorbed  residues  are  always  expelled  from  the 
body  with  the  fteces,  The  gross  results  of  calories  calculated  from 
tlie  food  taken  must  therefore,  according  to  Ruoner,  be  dimlQ- 
ished  at  least  8^. 

The  following  summary  contains  certain  examples  of  the 
quantity  of  food  which  is  consumed  by  individuals  of  various 
classes  under  different  conditions.  In  the  last  column  we  also  find 
the  amountof  living  force,  calculated  na  calories,  which  corresponds 
to  the  quantity  of  food  in  question  with  the  above-stated  correction. 
The  calories  are  therefore  net  results,  while  the  figures  for  the 
nutritive  bodies  are  gross  results. 

TABLE    XIX, 

Prolt^lilg,  Fkt,  CarbuhTilmMa.  Calories.        Aulfaorftr. 

BoIdterdurtDg  pence...  119  40  53B  2764  Flatfaih. 

■•      light  service .. .   117        85  447  2424  Uildbbubik. 

"      in  field US       44  504  4863 

Laborer .130  40  550  2903  Mulkbchott. 

■•        at  real 137        72  a.ija  a4.'58  PETTEKKtiraR*  VoiT, 

CabiDCt-uiBker  (40  rears)  181        68  4D4  28:<.'S  Fuuhtkr. 

Young  physician 127        89  3fi2  2fl09 

I»4  102  282  2478 

Laborer 188       95  422  2002 

BoKlisb  Binilb 176       71  6)16  S780  Platfair 

pugllUt 288  88  93  2180 

Bavarian  wond-chopper  135  208  876  BB80  Libbio. 

Labnrer  in  SIIcsIh Bfi         11  552  2.M8  Mbinert. 

SMiiutTets  in  Loudon..     54       29  292  168»  Pi^tfaik. 
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It  is  evident  that  persons  of  essentially  different  weight  of  body 
who  live  under  unequal  external  conditions  must  need  essentially 
different  food.  It  is  also  to  be  expected  (and  this  is  confirmed  by 
the  table)  that  n.ot  only  the  absolute  quantity  of  food  consumed  by 
various  persons,  but  also  the  relative  proportion  of  the  various 
organic  nutritive  substances,  shows  considerable  variation.  Results 
for  the  daily  need  of  human  beings  in  general  cannot  be  given.  For 
certain  classes  of  human  beings,  such  as  soldiers,  laborers,  etc., 
results  may  be  given  which  are  valuable  for  the  calculation  of  the 
daily  rations. 

Based  on  extensive  investigations  and  a  very  wide  experience, 
VoiT  has  proposed  the  following  average  quantities  for  the  daily 
diet  of  adults  : 

Protelds.  Fat.  Carbohydrates.        Calories. 

Formen....  118  gims.  66grmB.  500gnD8.  2810 

But  we  must  here  remark  that  these  statements  relate  to  a  man 
weighing  70  to  75  kilos  and  who  was  engaged  daily  for  ten  hours 
with  not  too  fatiguing  labor. 

The  amount  of  food  required  by  a  woman  engaged  in  moderate 
labor  is  about  f  that  of  a  laboring  man,  and  we  may  consider  the 
'ollowing  as  a  daily  diet  with  moderate  work. 

Proteids.  Fat.  Carbohydrates.       Calories. 

For  women..  94gnn8.  45  grms.  400griu8.  2340 

The  proportion  of  fat  to  carbohydrates  is  here  as  1 : 8-9.  Such 
a  proportion  occurs  often  in  the  food  of  the  poorer  classes,  while  the 
ratio  in  the  food  of  wealthier  persons  is  1:  3-4.  The  maximum 
quantity  of  carbohydrates  in  the  food  must,  according  to  Voit,  be 
above  500  grms.  ;  and  as  the  carbohydrates  besides  constitute  the 
chief  part  of  the  often  very  bulky  vegetable  foods,  it  has  been  sug- 
gested and  is  desirable  on  this  and  other  grounds  to  increase  the 
quantity  of  fat  at  the  expense  of  the  carbohydrates  in  such  rations. 
But  because  of  the  high  price  of  fat  such  a  modification  cannot 
always  be  made. 

In  judging  the  above  numbers  for  the  daily  rations  it  must  not 
be  forgotten  that  the  figures  for  the  various  nutritive  bodies  are 
gross  results.       They  consequently  represent  the  quantity  of  the 
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nutritive  todies  which  must  be  taken  iu,  and  not  tboee  which  ate 
really  ubsorbed.  The  figuruB  for  the  calories,  which  here  aud  in  the 
foUowiug  pages  are  eo-called  grosa  caloriea  are,  ou  the  contrary,  net 
results. 

The  various  foode  are,  aii  is  well  known,  not  equally  digested 
and  absorbed,  and  in  general  the  vegetable  foods  are  less  completely 
uHed  up  than  animal  food8.  This  is  especially  true  of  the  pruteids. 
When,  therefore,  Voit,  as  above  stated,  calculated  the  daily  amount 
of  prottjidu  needed  by  a  laborer  as  US  grins.,  he  starts  with  the 
supposition  that  the  diet  is  a  mised  animal  and  vegetable  one,  and 
also  that  of  the  above  118  gims.  about  105  grms.  are  absorbed. 
The  results  obtained  by  Pfluuer  aud  hie  school,  Bleibtbeit  ami 
BoHLAND,  for  the  extent  of  the  metabolism  of  proteids  in  man  witii 
a  diet  optional  and  sufficient  correspond  well  with  the  above  figures 
— when  the  unequal  weight  of  the  body  of  the  various  persons 
experimented  upon  is  sufficiently  considered. 

As  a  rule,  as  a  more  exclusively  VL'getable  food  is  employed,  the 
amount  of  proteids  in  the  same  is  also  habitually  smaller.  The 
strictly  vegetable  diet  of  certain  people — as  of  the  Japanese — and 
that  of  the  so-called  vegetarians  is  tlierefore  a  proof  that  a  person, 
if  the  quantity  of  food  be  sufficient,  may  exist  on  considerably 
smaller  quantities  of  proteids  than  Voit  suggests.  It  follows  from 
the  investigations  of  Hirschfeld  and  Kthaoawa  that  a  nearly 
complete  or  indeed  a  complete  nitrogenous  equilibrium  may  he 
attained  by  the  snfiBcient  administration  of  non-nitrogenized  nutri- 
tive bodies  with  relatively  very  small  amounts  of  proteids.  Hirsch- 
feld, who  weighed  73  kilos,  could  maintain  nitrogenous  equilibrium 
very  nearly  with  a  diet  containing  43.5  grms.  nitrogenized  bodies, 
166  grms.  f:it,  354  grms.  carbohydrates,  and  43,7  grms.  alcohol, 
Knmaguwa  made  experiments  on  himself  with  a  purely  vegetable 
diet,  coifsisting  mainly  of  boiled  rice.  On  an  averj^e  50.5  grms. 
proteids  and  069.83  grms,  carbohydrates  were  daily  introduced,  and 
of  this  37.83  grms,  proteids  and  566.7  grms.  were  daily  used  np 
By  this  food  ho  was  not  able  with  a  bodily  weight  of  43  kilos  to 
atlain  nitrogenous  equilibrium,  but  he  found  indeed  that  a  part  of 
the  nitrogen  was  retained  in  the  body.  The  weight  of  the  body 
increased  and  the  general  condition  was  good.  The  total  amount 
of  calories  in  the  absorbed  food  was  in  this  aae  3500  in  round  com- 
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bers,  or  52  per  kilo.  It  follows  from  the  experiments  just  men- 
tioned that  an  adult  may  be  sufficiently  nourished  with  a  consider- 
ably smaller  quantity  of  proteids  than  Voit  considers  necessary,  if 
the  total  food  corresponds  to  the  demands  of  the  body  in  calories^ 
which  may  be  accomplished  by  a  corresponding  increase  in  the  ad- 
ministration of  non-nitrogenized  nutritive  bodies. 

If  we  keep  in  mind  that  the  food  of  people  of  different  coun- 
tries yaries  greatly,  and  that  the  individual  also  takes  essentially 
different  nourishment  according  to  the  external  conditions  of  liv- 
ing and  the  influence  of  climate,  it  is  not  remarkable  that  a  person 
accustomed  to  a  mixed  diet  cannot  exist  for  a  long  time  on  a  strictly 
vegetable  diet  deficient  in  proteids,  even  though  not  especially 
difficult  to  digest.  No  one  doubts  the  ability  of  man  to  adapt 
himself  to  a  heterogeneously-composed  diet  when  this  is  not  too  dif- 
ficult of  digestion  and  is  sufficient;  but  this  ability  does  not  seem 
sufficient  reason  for  essentially  altering  the  figures  suggested  by 
Voit.  Voit's  figures  are  based  on  comprehensive  experiments,  also 
on  experience  and  exact  knowledge  of  the  actual  existing  condi- 
tions, and  they  are,  which  is  especially  important,  as  above  stated, 
only  given  for  certain  cases  or  certain  classes  of  people.  It  is  not 
denied  by  any  one  that  these  results  are  not  applicable  to  all  cases, 
as  it  is  evident  that  the  daily  ration  necessary  for  a  laborer  given 
by  Voit  must  be  altered  somewhat  for  other  countries  because  of 
the  existing  conditions  in  middle  Europe,  where  Voit  made  his  in- 
vestigations. With  regard  to  the  conditions  in  Sweden  we  may 
propose  as  the  daily  diet  of  a  laboring  man  about  120  grms.  pro- 
teids, 100  grms.  fat,  and  400-450  grms.  carbohydrates.  These 
figures  are  based  on  the  experience  obtained  in  Sweden  and  cal- 
culations made  by  the  author. 

If  we  compare  the  figures  of  Table  XIX  with  the  average  figures 
proposed  by  Voir  for  the  daily  diet  of  a  laborer,  it  would  seem  at 
the  first  glance  as  if  the  consumed  food  in  certain  cases  was  con- 
siderably in  excess  of  the  need,  while  in  other  cases,  as  for  instance 
for  the  seamstress  in  London,  it  was  entirely  insufficient.  A  posi- 
tive conclusion  cannot,  therefore,  be  drawn  if  we  do  not  know  the 
weight  of  the  body  as  well  as  the  labor  performed  by  the  person, 
and  also  the  conditions  of  living.  It  is  certainly  true  that  the 
amount  of  nutriment  required  by  the  body  is  not  directly  proper- 
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tional  to  the  bodily  weight,  for  a  small  body  consumes  relatively 
more  sobebmce  than  a  larger  oue,  and  varying  umounts  of  fat  may 
also  cause  a  difference;  but  a  large  body,  which  must  maintain  it 
greater  quantity,  consumea  an  absolutely  greater  quantity  of  siili- 
etance  tliaii  a  eniull  one,  and  in  estimating  tiie  nutritive  need  one 
must  also  always  consider  the  weight  of  the  body.  According  lo 
VoiT,  the  diet  for  a  laborer  with  70  kilns  bodily  weight  requires  40 
Ciilorioa  for  each  kilo.  In  Kcuagawa's  series  of  ejqierimente,  in 
which  the  absolute  -juantity  of  food  was  smaller,  the  average  was 
52  calories  for  each  kilo. 

As  above  stated  several  times,  the  demands  of  the  body  for  nour- 
ishment vary  witb  its  different  conditions.  Among  tlieae  condi- 
tions two  are  practiciilly  iniportant,  namely,  labor  and  rest. 

In  a  previous  chapter,  in  which  muscular  labor  was  spoken  of,  it 
was  seen  that  the  generally  accepted  view  is  that  non-nitrogenized 
food  is  the  most  essential,  if  not  the  exclusive,  source  of  muacnlar 
force.  As  a  natural  sequence  it  is  to  be  expected  that  in  activity 
the  non-uiti'ogenized  foods  before  all  must  be  increased  iu  the  daily 
rations. 

Still  this  does  not  seem  to  correspond  to  daily  experience.  It 
is  a  well-known  fact  that  hard-working  individuals — men  and  ani- 
mals— require  a  greater  amount  of  proteids  in  the  food  than  less 
active  ones.  This  contradiction  la,  however,  only  apparent,  and  it 
depends,  as  VoiT  has  shown,  upon  the  fact  that  individuals  used 
to  violent  work  are  more  muscnhir.  For  thia  reason  a  person  per- 
forming severe  muscular  labor  requires  food  containing  a  larger  pro- 
portion of  proteids  than  an  individual  whose  occupation  demands 
less  violent  exertion.  Another  question  la,  how  should  the  relative 
and  absolute  amount  of  food  be  chiuiged  if  increased  exertion  be 
demanded  of  one  and  the  same  individual  P 

An  answer  based  upon  experience  may  be  found  in  statistics 
concerning  the  maintenance  of  soldiers  in  pence  and  in  war.  Many 
such  statements  are  obtainable.  In  a  critical  examination  of  the 
same  it  was  found  that  in  war-mtioiis  the  quantity  of  non-nitrogen- 
iaed  bodies  as  compared  to  the  proteids  is  only  increased  in  excep- 
tional cases,  while  usually  the  reverse  is  the  case.  Even  in  these 
uaees  the  actual  proportion  does  not  correspond  to  the  theoretical 
demand  upon  which,  however,  too  great  stress  must  not  be  placed. 
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since  in  the  case  of  soldiers  in  the  field  many  other  circumstances 
are  to  be  considered,  such  as  the  volume  and  weight  of  the  food, 
etc.,  etc.,  which  cannot  here  be  more  closely  discussed.  The  fol- 
lowing table  shows  the  avemge  results  of  soldiers'  rations  in  war 
and  peace,  calculated  by  Almek  from  the  detailed  statement  of 
several  countries.* 

These  average  results  also  include  the  figures  for  Sweden. 

TABLE  XX, 

A.    Peace  Ration.  B.    War  Ration. 


.^k. 


Proteids.    Fat.        Garb.        Proteids.    Fat.        Garb. 

Minimum 108  22  504  126  88  484 

Maximum 165  07  731  197  95  688 

Mean 180  40  581  146  59  557 

Sweden  (proposed).  179  102  591  202  187  565 

If  we  do  not  consider  the  very  abundant  rations  proposed  for 
the  soldier  in  Sweden,  and  if  we  only  adhere  to  the  above  mean 
figures,  we  obtain  the  following  results  for  the  daily  rations: 

Proteids.       Fat.  Garb.         Calories. 

In  peace 180  40  581  2900 

Inwar 146  59  557  8250 

If  we  calculate  the  fat  in  its  equivalent  amount  of  starch,  then 
the  relation  of  the  proteids  to  the  non-nitrogenized  foods  is : 

In  peace 1:4.97 

Inwar 1:4.79 

The  proportion  is  nearly  the  same  in  both  cases  ;  the  small  dif- 
ference which  occurs  shows  a  slight  relative  increase  in  the  proteids 
in  the  war  ration.  On  the  contrary,  what  is  especially  apparent 
from  the  total  of  the  calories,  the  total  quantity  of  nutritive  bodies 
is  greater  in  the  war  than  in  the  peace  ration. 

As  more  work  requires  an  increase  in  the  absolute  quantity  of 
food,  so  the  quantity  of  food  must  be  diminished  when  little  work 
is  performed.  The  question  as  to  how  far  this  can  be  done  is  of 
importance  in  regard  to  the  diet  in  prisons  and  poor-houses.  We 
give  below  the  following  as  example  of  such  diets. 

*  Germany,  Austria,  Switzerland,  France,  Italy,  Russia,  and  the  United  States. 


Pat. 

Otrb. 

Oalortos. 

8 

76 

1066 

85 

47 

180t 

22 

72 

1124 

i4 

114 

1657 

66 

600 

2810 
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ished  supply  of  water  is  also  one  of  the  features  of  Oebtbl's  cure, 
especially  in  certain  cases.  The  average  amount  of  the  yarious 
nutritive  substances  supplied  to  the  body  in  these  three  cures  is  as 
follows,  and  we  give  also  for  comparison  in  the  same  table  Voit's 
diet  necessary  for  a  laborer. 

TABLE  XXn. 

Proteidi. 

Harvet-Bantihg's  cure. . .  171 

£b8TB117'8  cure 102 

Okrtbl'b      "   166 

"  (max.) 170 

Laborer,  according  to  YoiT.  118 

If  the  fat  in  all  cases  is  recalculated  in  starch,  then  the  pro- 
portion of  the  proteids  to  the  carbohydrates  is  : 

Harvbt-Banting  cure 100  :   64 

Ebstbin'b  cure 100  :  246 

Obrtkl'b      '*    100:   80 

'•    (max.) 100:129 

Laborer ,     100:640 

In  all  these  cures  for  corpulence  the  quantity  of  non-nitrogen- 
ized  bodies  is  diminished  as  compared  to  the  proteids;  but  chiefly 
the  total  quantity  of  food,  as  is  shown  by  the  number  of  calories,  is 
considerably  diminished. 

Harvey-Banting^s  cure  differs  from  the  others  in  a  relatively 
very  much  greater  amount  of  proteids,  while  the  total  number  of 
calories  in  it  is  the  smallest.  On  this  account  this  cure  acts  very 
quickly;  but  it  is  therefore  also  more  dangerous  and  more  difficult 
to  accomplish.  In  this  regard  Ebstein's  and  Oertel^s  cures  (espe- 
cially Oertel's),  having  a  greater  variation  in  the  selection  of  food, 
are  better.  As  the  adipose  tissue  has  a  proteid-sparing  action,  we 
have  to  consider  in  using  these  cures,  especially  Bantinq^s,  that 
the  destruction  of  proteids  in  the  body  is  not  increased  with  the 
decrease  in  the  adipose  tissue,  and  one  must  therefore  carefully 
watch  the  elimination  of  nitrogen  by  the  urine.  All  diet  cures  for 
obesity  are  moreover,  as  above  stated,  starvation  cures  ;  and  if  the 
daily  amount  of  food  required  by  an  adult  man,  represented  as  cal- 
ories, is  in  round  numbers  2500  calories  (according  to  the  average 
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figures  found  by  Fobster  in  the  case  of  a  physician),  then  one 
immediately  sees  what  a  considerable  part  of  its  own  mass  the  body 
must  daily  give  up  in  the  above  cures.  This  reminds  us  of  the 
great  care  necessary  in  employing  these  cures ;  but  each  special 
case  should  be  conducted  with  regard  to  the  individuality,  the 
weight  of  the  body,  the  elimination  of  nitrogen  in  the  urine,  etc, 
etc.,  and  always  under  strong  control  and  only  by  physicians,  never 
by  a  layman.  A  closer  discussion  of  the  many  conditions  which 
must  be  considered  in  these  cases  does  not  enter  into  the  plan  and 
scope  of  this  work. 


ASIMAL  FOODB. 
TABLE  I.— FOODS.' 


].  Animal  Poodi. 


a.  Flbbh  without  Boses. 

r»tbeef' 

Beet  (average  fat*) 

Beef 

Corned  beef  (average  fat) 

Veal 

Horse,  salted  and  smoked 

Brno  ked  ham 

Pork,  salted  and  smoked  * 

fleBh  from  bare 

"        "     chicken 

"     paniidge 

■■     wildduck .. 

6.  Flesh  with  Bonbs. 

Fat  beef 

Beef,  average  tat* 

Beef,  sUglilly  corned 

Beef,  thoroughly  corned 

ilulton,  very  fat 

"       average  fat 

Pork,  fresh,  fat 

Pork,  corned,  fat 

Smoked  bam 

e.  Pishes, 

Hivereel,  (reab.  entire 

Salmon,         "  "     

Anchovy,     "  "    

Flounder,      "  "     , 

River  perch,"         "    

Torsk.  '■  '■    


117    650 

18  7n 

12S   48S 

100  ■m 

40  m 

121  W 

n  701 

14   711 

12|  711 

9   C44 

ino 

16'  585 

85   48( 

ifl^ 

100   48t 

181 

6   4S'; 

w 

10   620 

160 

I,  S80  260 
t  440  460 
I  460   460 


'  TIm  rarolta  Id  the  (o11o*|dk  tabiM  are  chiefly  compllMl  from  ttm  tummarr  of  AmftK 
aad  of  XKno.  As  "  irut«  "  ws  bf  r«  dpilipiate  that  part  of  the  foodi  which  U  loat  in  Ihs 
preparatloB  at  tha  food  or  that  which  it  not  used  hj  tha  bodji  (or  Inautnae,  the  bonea, 
AId,  egR-diell,  and  the  celloloae  In  the  Tefntkble  foods. 

'  Meat  luoh  h  !■  ordinarily  aold  In  the  market*  Id  Bireden. 

■  Beef  such  as  le  dAUvercd  by  large  parreycin  to  public  instltutloue  In  8wedtfi. 

*  Pork,  chiefly  from  the  breaat  and  tielly,  moh  aa  oooan  In  the  raUona  of  Bvadlal 
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TABLE  L— FOOI>8.-<Cbii(MM«dL) 


u 


pike,  freth.  eoUre 

Herrliig,  salted,  entlie 

Ancliovy,     '■  "    

BalmoD  (Hide),  salted 

Eitbcllaa  (tailed  haddock). . 

CodOsb  (dried  ling)  

(dried  torak) 

Fitb-meal  iTom  varietf  of  GAsne  '. 

d.  Ikhsb  Oroaks  (Fsbsh). 

Brain 

Beef-HTcr. 

Beef-benrt 

He»rt  and  lunga  at  mutton 

Teal-kidoe; 

Os-longue  ifresb) 

Blood    from     Tarioua    animals 
(average  resulU) 

a.  Otser  Anual  Foods. 

Kinil     of     pork-nusagc    (Mett- 

Same  for  frying 

Butter 

Lsrii 

Meat  extract  

Cow'a  ml]k(ru1l) 

"        "    (Bkimmed) 

Buttermilk 

Cheese  <fat) 

"      (poor) 

Wbey  ciieese  (poor)  

Hen's  egg,  entire 

■     willioul  shell 

Yolk  of  egg 

While'    •■ 


4fio:  100 

\  MO  HlO 
I  400'  100 
lOOl  100 
100  lOU 
100  ICO 
150|  100 
100 


YXaSTABLE  FOODS 
TABLS  I.— FOODS.— (OmttotMif.) 


a.  Ta«rtabl«  Voodi. 


»P>raeootalB 


Wheat  (grains) 

AV beat- flour  (floe) 

"  (veiy  fine).. 

Wheat-bran 

Whettt-bread  (fresh)..  . 


)Dt 


Kye(i 

Jlye-fluur 

Jl^e-bread  (ilryl...... 

"       "     (/rein,  co«tm).  . 

"        •'      (freah,  flue)..... 

Barter  (gmlos) 

Scotch  borlef. 

Oftt(gI«iM) 

Oat  (peeled) 

Hicf  "(peelwl  for  bolUDg).'. ' 
Preacb  bcHDB 


Potatoes. 

Turntps 

OiiiToi  (yellow).. 

Cauliflower. 

Cabbage 

Spioach 

Lettuce 

Cutrumbeni.    . . . 
RadiBl 


Edible  mualiroomB  (average).. . 
Same  dried  in  the  »lr  (arerage). 

Api-'Jes  kbd  t>e&ra 

YariouE  berrtcH 

Almond* 
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lOMPmrtatoWolgbl 

1 

05 

1 

i 

1 

1 

1 
1 

1 

i^ 

3 

871 

887 
865 
911 
008 
881 

»ia 

940 

a 

s 
2 
3 
s 

M 

28 
33 
85 
40 
il 
US 

a 

7fl 
73 

7 

15 
7 

8 

4 

e 

B 

S 

a 

1.5 

1.7 

4 

3 

a 

65 

73 
10     81 
7     « 
18     — 

Lagerbeer 

Swedish  "SyagdrlcW.. 

"m"' 

8 

TABLE  in.-WINE  AND  OTHER  ALCOHOLIC  UQUORB. 


»  P»rta  by  Weight 


It 


p 


Bordeaux  wine. . . . 
While  wine  {Rhelogauj. 

Cbikinpaene 

Rbine  wine  (sparkling) 
Tokay 

Port- wine 

Madeira 

Marsala 

Swedish  punch 

Brandy 

French  cognac 

Liqueurs 
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Absorption,  227-382 ;  impoitance  of  the 
cells  for  the  same,  225,  281. 232 ;  ac- 
tioQ  on  the  putrefactive  processes  in 
ihe  intestines,  220. 

Absorption-ratio,  81 ;  of  the  blood-color- 
ing matters,  82. 

Acetic  acid,  in  the  gastric  juice,  177  ;  in 
the  contents  of  the  stomach,  196 ;  pas- 
sage into  the  urine,  874,  889. 

Aceto-acetic  acid,  422 ;  in  urine,  420, 
421. 

Acetone,  421 ;  in  blood,  114  ;  in  urine, 
420. 

Acetonuria.  421. 

Acetylen  haemoglobin,  74. 

Acholia.  pigmentary,  168. 

Achroo-dextrin,  171. 

Acid  albuminate,  14 ;  properties  and  be- 
havior, 28,  24 ;  in  pepsin  digestion, 
182,  188. 

Acid  amides,  behavior  in  the  body,  889. 

Acid  rigor,  262. 

Acids,  organic,  behavior  in  the  body, 
889. 

Acidity,  of  the  contents  of  the  stomach, 
195  ;  of  the  urine,  884. 

Acrolein,  244  ;  test,  244,  246. 

Actinochrom,  825. 

Acrylic  acid,  action  on  the  elimination 
of  nric  acid.  851. 


Acrylic  acid  di-ureid,  850. 

Adahkiewicz's  reaction,  20. 

Adenin,  48;  properties  and  occurrence^ 
51 ;  in  urine,  859. 

Adhesion,  importance  in  the  coaguli^ 
tion  of  blood,  89. 

Adipocere,  248. 

^gagropila,  226. 

Albumhi  glands,  167. 

Albumins,  14;  general  properties,  2d 
(see  also  various  albumins). 

Albumin,  detection  in  the  urine,  897 ; 
quantitative  estimation,  899  (see  also 
Protein  bodies). 

Albuminous  bodies,  general  behavior, 
reactions,  splitting  products  and  com- 
position, 15-21 ;  summary,  14,  22-80 
(see  also  various  albuminous  bodies  of 
the  tissues  and  fluids). 

Albuminate,  14 ;  properties  and  behav- 
ior. 28, 24  ;  ferruginous  albuminate;  in 
the  spleen,  180. 

Albuminoids,  14.  84  ;  in  cartilage,  284, 
286  ;  in  the  yolk  membrane,  291. 

Albumoscs,  14  ;  general  properties,  25- 
80  ;  in  the  putrefaction  of  proteids, 
216  ;  in  pepsin  digestion,  182  ;  in  tryp. 
sin  digestion.  206  ;  in  urine,  898  ;  nu- 
tritive value.  460. 

Alcapton,  865. 
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Alcohol,  see  £tbjl-ft]c<^o1. 

Alcoholic  fermenUtioD,  7,  807,  409. 

Alanin,  99. 

Aleurooe  crystals,  292. 

Alizarin,  in  the  orine,  393. 

Alizarin  bine,  behaTior  in  the  timies,  5. 

Alkali  albuminate,  14 ;  properties,  28, 
24  ;  in  the  eye,  280,  283  ;  in  the  yolk  of 
the  egg.  298 ;  in  the  brain.  273 ;  in  the 
non-striated  muscles.  272;  Lieber- 
kuhn's  alkali  albuminate,  28. 

Alkali  carbonate,  physiological  impor- 
tance. 452 ;  action  on  the  secretion  of 
gastric  Juice,  178 ;  occurrence,  see  the 
▼arious  tissues  and  fluids. 

Alkali  earths,  in  the  urine.  884 ;  in  the 
bones,  238,  289 ;  insufficient  supply, 
241. 

Alkali  phosphates,  in  urine.  884 ;  occur- 
rence, see  the  Tarious  tissues. 

Alkali  urates,  in  sediments,  428  ;  in  cal- 
culi, 481. 

Alkaline  fermentation  of  the  urine,  874, 
427. 

Alkaloids,  action  on  the  muscles,  282 ; 
passage  into  the  urine,  393. 

Allantoic  fluid.  358. 

Allantoio,  properties,  occurrence,  etc., 
358 ;  formation  from  uric  acid.  350  ; 
in  transudations,  122.  124. 

Alloxan.  350. 

Alm6n-B5ttgeb's  bismuth  test,  409, 
411. 

Alm^n's  guaiacum  test  for  blood,  402. 

Amanitin,  44. 

Ambergris.  227. 

Am  brain,  227. 

Amido-acids.  relation  to  the  formation 
of  urea,  338  ;  to  tbe  formation  of  uric 
acid,  352;  production  in  putrefaction. 
216 ;  in  pepsin  digestion,  182  :  from 
protein  bodies.  15,  16.  35.  36.  206. 
216  ;  in  trypsin  digestion.  206. 

Amido-acetic  acid,  see  Glycocoll. 

Amido-acmlein,  37. 


Amido-caproic  acid,  see  Leodn. 

Amido-cinnamic  add,  behaTior  in  the 
organinu,  891. 

Amido-ethylsulphuric  acid,  aee  Tatum. 

Amido-phenylacedc  acid,  beharior  in 
the  organism,  892. 

Amido-phenylpropionic  acid,  fonn»- 
tion  in  the  putrefaction  of  proteida, 
880 ;  beharior  in  the  organism,  891, 
888. 

Amido-succinic  add,  see  Aspaitic  add. 

Ammonia,  formation  in  the  putrefac- 
tion of  proteids,  218 ;  from  protdd 
substances.  18,  17,  86. 86,  208,  218;  in 
trypsin  digestion,  206;  in  the  blood, 
114;  in  the  urine,  888. 

Ammonia,  elimination  in  disease  of  the 
liver,  888 ;  after  the  administration  of 
mineral  acids.  838 ;  after  extirpalioo 
of  the  liver,  352. 

Ammonia,  estimation  in  the  urine,  884. 

Ammonia  salts,  relation  to  the  forma- 
tion of  urea,  888 ;  to  the  formation  of 
uric  acid,  852. 

Ammonio-magnesium  phosphate,  in 
urinary  calculi.  482 ;  in  urinary  sedi- 
ments. 480. 

Ammonium  urate,  in  urinary  calculi. 
431 ;  in  urinary  sediments,  428. 

Amniotic  fluid,  298. 

Amphicreatin.  258. 

Amphopeptone.  26. 

Amyl-alcohol,  890. 

Amyl  nitrite,  poisoning.  115.  407. 

Amyloid,  14,  89. 

Anaemia,  111,  113;  malignant,  112. 

Anhydride  theory  of  the  formation  of 
glycogen.  140. 

Aniline,  behavior  in  the  organism.  891. 

Anisotropous  substance.  251. 

An  ted  on  in.  325. 

Anthrax  spores,  behavior  with  gastric 
juice,  192. 

Antialbumose.  26. 

Autipeptone.  26. 
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AutlmoDy.  passage  iiilo  milk.  S20;  sc- 
tioD  oD  lUe  eliminatioD  of  Dilrogen, 
337. 

AulipyHti,  Bclion  od  tbe  uriDe,  804. 

Aputile,  238. 

Arachldicacid,  lobiilter,  803. 

AracliDoid  membnuie,  fluiii  of,  122. 

Arbutlo,  importance  In  Ibe  fomiitiion 
of  gl  jcogen,  13D  ;  beliavior  la  the  or- 
ganUm.  306. 

Aromalic  combinations,  bebaTior  in 
tbe  org&niBui,  360-804. 

Arseolc,  posaage  into  milli,  320 ;  into 
■west,  828 :  action  on  the  ellmiDalloD 
of  nilrDgen,  387. 

Arsenic  acid,  action  on  pepsin  diges- 
tion. 181. 

AiBcniureticd  bydrogen.  polwiDing. 
160-163.  401. 

Arterin,  68. 

Ascitic  fluids,  124. 

Asparagin,  importance  in  the  syntbEsls 
of  proteids,  17  ;  nutritiTe  vHlue,  460. 

ABpftrogiuic  add,  see  Asparllc  ftcid. 

Asparagus,  in  tbe  urine.  304. 

Aspariic  arid,  relation  to  tbe  tonnatloD 
of  urea,  388;  lo  tbe  Formation  of  aric 
acid,  352  ;  formaiion  from  proteiils, 
n,  206,  210  :  bebavior  in  tbe  or^^an- 
ism,  380. 

Ass's  milk.  312. 

Atmld-ulbumfu,  37. 

At  ra  id-album  ose,  87. 

Atropin.  action  ou  tbe  secTeUon  of 
saliTs,  173. 

Auto-iutoilcatloD,  13. 

Bacterium  urete,  427. 

Baktiso'S  diet  cure.  480,  481. 

Bases,  nitrogenized  from  slbumlo,  17. 

Beeswax,  SCO. 

Beuzoar  stone,  926. 

Benzoic  add,  formation  from  protein 
iiilutances,  17,  87.  350;  passage  into 
Ihu  sweat.  838;   beUvlor  In  the  or- 


ganism, 2,  860,  802;  occurrence  in  tbe 
urine,  363  ;  action  on  thoexcbungo  of 
malerial,    400;    sulistilulcd    benzoic 
acids,  behavior  on  the  body,  393. 
BeuEol,  beharior  in  the  organism,  390, 


Benzoyl  amido-acetic  acid,  i 
rlc  acid. 

Benzoyl  chloride,  behavior  with  car- 
bohydrates. 410,  lo  cyMin  ;  426. 

Benzoyl  cystln.  426. 

Benzyl  alcohol,  behavior  In  the  or- 
ganism. 3. 

Bile,  143-163 ;  general  chemical  behaT- 
ior,  144;  analyses  of  tbe  same,  157, 
158:  antiseptic  action  of,  320,  221; 
constituents,  144-10(1;  in  discaee,  lUS  ; 
dloBiallc  action  of,  212  ;  action  on  tbe 
digestion  of  proteids,  214,  215;  oD 
the  emulsiQcation  of  fals,  313,  2Ui 
on  the  secretion  of  bile,  144 ;  on  tbe 
absorption  of  fat,  213.  230.  283 ;  on 
tbe  splitting  of  neutral  fats,  214:  on 
trypsin  digestion,  206, 215  ;  qiuintlty, 
143 ;  passage  of  foreign  substances 
Into.  158;  occurrence  in  tbe  urine, 
404,  405;  In  tbe  contents  of  the 
stomach,  IBS :  in  meconium,  224  : 
composition,  157, 

Blle-aclds,  146-150  ;  in  blood.  114,  100 ; 
pus,  130;  In  urine.  103.  228,  404; 
absorption,  228. 

Bile-acids,  Pettbnko feu's 

Bile-formation,  158-103, 

153-160  ;    ( 
161;   reactions,   154,   4a5.   406;   paa- 
sage  into  nrlne,  162,  405,  406  ; 
rencu  in  blood-scrum,  63, 114 ;  in  egg 
shells.  296. 

Bile-salts,  145,  146. 

Bllesrcretlon,  148 

Bilianic  acid,  148. 

Biliary  calculi.  163, 

Biliary  Bstula.  143 ;  influence  on  putre- 
faction In  Che  Intealinea,  230. 


for.l4a. 
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^M       Bilicj^^alii,  I5S.  IH  l&tf. 

^P       Bilirulvio.  103. 

84.  106. 

^         BilifuBctn.  163.  166.  163. 

Blood-spols,  80. 

'              BlIibiimiD.  152,  166. 

Blood-sweat.  328. 

BilipbslD.  153. 

Blood-tableta,  54,   84,  86  ;   importance 

BUiprasiD,  152,  156, 

in  coagulation,  91. 

W         Bilirubin,  relation  lo  the  blood-coloring 

Blood-irauKtusion.  111.  115, 

^k            mntterB,  160,  161  ;  In  htctnaiotdin.  60, 

Blouda.  mlllc  of,  816. 

H             168,  160  :  propenlea  nnd  occurrence. 

Blueberry,  coloring  matter  of.  In  orlne. 

H            108  :  In  urine,  405 ;  Id  Ibe  placenta, 

894. 

■        m. 

Blue  sientoHn.  325. 

■          Bilirubin  calcium,  153,  1S3. 

BOttchub'b  spermine  crystals,  386. 

H          Biliverdin.  pro[)erllea  and  occurrence, 

BOTTOEB-ALMKN'e  bismutU  teal.  409. 

H             166  1  io  tbe  egg-Bbell,  296 ;  in  eicra- 

411. 

^H            mcDls.   323  ;    in   urine.   400  ;   in   the 

Bones  and  bone  structure,  288-343. 

■            placenta,  208. 

Bone  earths,  238.  238, 

F         Bilch's  milk,  S13. 

Bone,  softening  of.  340. 

Biuret,  S30. 

Bonelliu,  325. 

Biuret  reaclioH,  20,  340. 

Borneo!,    behavior    in    the    organism. 

Blisler-fluid.  126, 

39:i. 

Blood.   54-118;   generul   behavior,   54. 

Borax,  action  ou  tlie  exchange  of  mate- 

rial. 466  ;  on  trypsin  digestion,  206. 

107  ;  arterial  and  vtnoun,  68.  87,  94. 

BuWMAN's  disks,  361. 

es ;     defibrinated.    56  ;    suflocstion- 

Brain,  273-280. 

blood.   6.   68.   87.   9S  ;    quantitj    in 

Bread,  beliavior  lo  the  stomach.  187 : 

body,  115  ;   detection,  medico-legal. 

excrements  after  teedlng  ou   bread. 

80;  behavior  So  Btarration,  110.  448; 

220. 

Bromauil,  17. 

ditions.   111-115  ;    under  pliyaiologi- 

Bromine  combinations,  psBsage  into  the 

saliva.  173. 

402  ;  in  eonlenU  of  Ibe  stomach.  188. 

Bromotorm,  17. 

Blood-clol,  66. 

Bruoner's  glands,  1&7. 

Blood,  coa^ilation  of,  54.  58.  e7-M. 

Bmuette,  milk  of.  816. 

Blood-coioring  matiere.  68-88;  in  the 

Bruaie  raucosie,  conl«nU  of.  187. 

urine.  401. 

Buccal  mucus,  189. 

Blood-corpuscles,  red,  66.  67 ;  in  urine. 

Bu&diu,  338. 

401  ;  corapoBilion,  83,  106,  112  :  col- 

Butler-fat,  308. 

orlew.  84  ;  behavior  iu  the  coaguln- 

Builermilk,  813, 

Hon  of  the  blood,  84,  90,  91. 

Buiyrlc-acid.  in  conlenu  of  the  stom* 

Blood-cylinders.  403. 

flch.  188.  196;  in  the  gastric  juice. 

Blood.  dlWribution  of.  iu  tlie  body.  116, 

177:  in  butter-fat,  303. 

Blood.  gBBea  of.  94-105. 

B1ood-l<M.  116. 

Intestines,  318. 

Butyl  alcohol,  behavior  tn  the  body. 

107. 

890. 
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Butyl-chloral,   behavior  in  the  body, 

890. 
Byssus,  14,  89. 

Cadaverin,  876,  425. 

Caffein,  48 ;  influence  on  the  elimination 
of  uric  acid,  852 ;  action  on  the  mus- 
cles, 262. 

Cairin,  action  on  the  urine,  894. 

Calcium  carbonate,  in  urine,  882 ;  in 
urinary  calculi,  482 ;  in  urinary  sedi- 
menu,  429 ;  in  bones,  288,  289 ;  in 
tartar,  174. 

Calcium,  lack  of,  in  the  food,  241,  458 ; 
occurrence,  see  various  fluids  and  tis- 
sues. 

Calcium  oxalate,  857 ;  in  urinary  sedi- 
ments, 428  ;  in  urinary  calculi,  482. 

Calcium  phosphate,  relationship  to  the 
coagulation  of  casein,  805 ;  to  fibrin 
coagulation,  97  ;  occurrence  in  intes- 
tinal calculi,  226  ;  in  urine,  882,  884 ; 
in  urinary  sediment,  429  ;  in  urinary 
calculi.  482 ;  in  protein  bodies,  18,  97 ; 
in  salivary  calculi,  174. 

Calcium  sulphate,  in  urinary  sediments, 
429. 

Calories  of  the  food,  471-478 ;  various 
diateries,  474-482. 

Campherol,  898. 

Camphor,  875,  898. 

Camphor-glycuronic  acid,  875,  898. 

Cane-sugar,  behavior  with  intestinal 
juice,  198  ;  with  gastric  juice,  188. 

Capric  acid,  808. 

Caproic  acid,  formation  from  phenol,  6, 
890 ;  in  fatty  tissues,  248 ;  in  milk- 
fat,  808. 

Caprylic  acid,  808. 

Carbamic  acid  in  the  blood,  68. 

Carbohydrates,  importance  for  the  for- 
mation of  fat,  249,  468 ;  for  the  gly- 
cogen formation,  189 ;  for  muscular 
activity,  265,  268, 269 ;  exclusive  feed- 
ing on  carbohydrates,  249 ;  action  on 


the  metabolism  of  proteids,  462 ;  on 
putrefaction,  220;  absorption,  227, 
229,  407  ;  inadequate  supply  of,  454 
(see  various  carbohydrates). 

Carbolic  acid,  action  on  pepsin  diges- 
tion, 181  (see  Phenol). 

Carbolic  urine,  865. 

Carbon  dioxide  in  the  blood,  95,  96  ; 
in  diabetes,  104 ;  in  poisoning  with 
mineral  acids,  176  ;  in  the  intestines, 
216 ;  in  the  lymph,  118 ;  in  the  con- 
tents of  the  stomach,  189;  in  the 
muscles  in  activity  and  at  rest,  264, 
265,  268,  269  :  in  rigor,  268 ;  in  secre- 
tions, 158, 170, 197,  811,  885;  in  trans- 
udations, 122 ;  binding  of  CO,  in  the 
blood,  96-100;  action  on  the  elimina- 
tion of  gastric  juice,  176;  tension  in 
blood,  102,  104;  tissues,  104;  lymph, 
118;  transudation,  121,  122. 

Carbon-monoxide  blood  test,  Hoppe- 
Sbtler's,  78. 

Carbon  dioxide,  elimination,  depend- 
ence of  the  external  temperature,  469; 
in  activity  and  rest.  264,  269,  467 ;  by 
the  skin,  829 ;  elimination  in  sleep  and 
waking,  468 ;  in  various  ages,  470. 

Carbon -dioxide  haemoglobin,  74,  97. 

Carbon-monoxide  haemoglobin,  78,  76. 

Carbon-monoxide  methaemoglobin,  75. 

Carbon-monoxide  poisoning,  73,  114  : 
action  on  the  elimination  of  nitrogen. 
837 ;  on  the  elimination  of  sugar,  407. 

Carminic  acid.  325. 

Carnin,48 ;  properties.  258 ;  in  urine,  859. 

Carp,  sperma  of,  287. 

Cartilage,  284-238 ;  behavior  with  gas- 
tric juice,  188,  187 ;  with  pancreatic 
juice,  211. 

Cartilage  glue,  89,  284,  288. 

Casein,  origin.  800,  318,  819;  from 
woman's  milk,  818 ;  from  cow's  milk, 
804 ;  quantitative  estimation,  809 ;  re- 
lationship to  rennet,  804,  805 ;  to  gas- 
tric juice,  818. 


^P  4B3                                            UfDSZ.                       ^^^^^^^^H 

Caaeows,  27. 

ChlofThodinic  acid.  130. 

Cboialic  acid,   148  ;  relation  U>  gJmIcb- 

CBMorfn.  386. 

lerin,  104. 

C»Unicl.  283. 

CbolMiic  acid,  150. 

Cat's  milk.  SIS. 

Cholecyanln.  104. 

Cell,  animal,  41-63 ;  uacleua.  4« ;  mem- 

Choleglobiti.  163. 

braoe,  43.  183. 

Uboieic  acid.  147.  149. 

Cell-globulin,  68. 

Cholera  bacillus,  behavior  vrith  gMtiie 

CelluloK.   mareh-gas   femwiitaUon   or, 

juice.  193. 

m,  219 :  beLBTior  In  the  JDtenine. 

Cbolen.  blood.  Ill,  113,  113.  114;  con- 

218. 

tents  of  the  stomach,  220^  sw»t.  328. 

CemcDt.  241. 

Cboleeterio.   geoetal   chemical   proper- 

Cephalinc. 274. 

ties  and    occurrence.    164;    in   gall- 

Cerebrin. 129. 274  ;  properties.  270-278. 

stones,  161 ;  In  the  bnUn.  374.  279  :  in 

K        Cerebro-apinal  Quid,  12fi. 

the  urine,  424 ;   Importance  for  life- 

H        Ceroleln.  SCO. 

processes  In  the  cell.  03. 

V        Ceroliuic  add,  350. 

Cbolesterin  ttones.  1S4. 

™         Ceruraeo,  83«. 

Cholestetilin.  164.                                            ^h 

CeliD.  250. 

Cbolcstrooe,  161.                                       ^^H 

Cetyl-alcoliot,  200. 

Choletelin,  1S3.   155;   relation  to  un>-  ^^^| 

Cetylid,  876. 

bJllD.  370.                                                  ^^^1 

Chalaza.  294. 

Cbolic  acid,  146.  143.                              ^^^H 

Cliari-ut'B  crfiUlB.  118.  989. 

Cholin.  44.  ise.                                       ^^^H 

Cheeae.  802.  303. 

ChenolaurocLolic  add,  148. 

Choloidic  acid.  IK.  ISl.                          ^^H 

ChlliQ,  833  ;  behaTior  in  trypsin  digCB- 

Chondrigen,  37,  234.                                    ^^^H 

tfon.  211. 

ChondriD,  89,  234;  In  pus,  130.                  ^^^| 

OilonI  hydrate,  behavior  in  llie  body. 

Chondrin  baUs.  336.                                     ^^H 

875.  890. 

Cbondroillc  acid,  335.  286.                          ^^H 

CUlomie.  poisontogwilh.  110.  401. 

Cbondronucold,  34,  334.                          ^^^| 

ChlorMol.  17. 

Chorda  Buliva.  108.                                        ^^H 

Chlorbcawil.  behavior  Id  the  body,  3U3. 

ChorioldcB.  283  ;  pigment,  824.                  ^^^| 

CaBisTENSEB  &  AtvQOE.  approximative   ^^^H 

877 ;  by  Ibe  sweat.  838  :  Insofflcleui 

estimation  of  albumin  in  the  urine;   ^^^H 

-.               supply.  4S1  :  action  on  the  tnelabiitLim 

^^H 

1^.         or  prnldds.  877.  4«8  (h«  the  various 

Chromldrosi*.  338.                                    ^^H 

^^       fltilda  and  l!s*ue«). 

^H  Obloracruoriii.  S3 

supmreiial  body.  134.                            ^^^^| 

^^B-Oblan>ronn,  acllun  on  the  elimination 

Cbryaophanic  acid,  action  on  the  mrinak  ^^^^| 

^B      ot  cblorlae.  877  ;  on  Ibe  muscles.  362. 

j^^H 

Chyle,                                                             ^^^H 

^■OUonilwnyl.in'-rcapluric  tdd.  898. 

Chyluris.  434.                                           ^^H 

^^pdoraphyll,  saii. 

^Kniiotmi.  1 12. 118. 

Chymoain.  184.                                          ^^M 

INDEX, 


493 


Oinnamic  acid,  behayipr  in  the  body,  | 
800. 

Citric  acid,  in  milk,  804,  811. 

Coagulation  of  blood,  54,  59,  87-94;  of 
milk.  187,  801,  802.  805;  of  muBcle- 
plasma,  252,  254,  255. 

Coccygeal  glands,  secretion  of,  826. 

Cochineal,  825. 

Coefficient,  Habbb's,  887. 

Coffee,  action  on  the  exchange  of  ma- 
terial, 467. 

Collagen,  14,  87,  88;  in  connective  tis- 
sues. 288;  in  the  cornea,  287;  in  carti- 
lage. 284,  286. 

Colloid,  84,  289. 

Colloid  corpuscles,  289. 

Colloid  cysts,  289. 

Coloring  matters,  of  the  eye,  280;  of  the 
blood,  68-88;  of  blood-serum,  68;  of 
the  corpora  lutea,  288;  of  the  egg- 
shell, 296;  of  the  fat-cells,  248;  of  the 
bile.  145,  152,  156,  160,  161;  of  the 
urine,  869-874;  of  the  skin,  824,  825; 
of  the  lobster,  825  ;  of  bird-feathers. 
825;  medicinal  coloring  matters  in 
the  urine,  406. 

Colostrum,  of  woman's  milk,  815;  of 
cow's  milk,  311. 

Colostrum  corpuscles,  802,  811,  819. 

Combustion,  heat  of.  of  foods,  471-473. 

Comma  bacillus,  behavior  in  gastric 
juice,  192. 

Conchiolin,  14,  89. 

Concrements,  see  various  calculi. 

Cones  of  the  retina,  pigments  of,  282. 

Conglutin,  472. 

Cornikrystalline.  89. 

Connective  tissue.  288. 

Copaiva  balsam,  action  on  the  urine, 
894. 

Copper,  in  blood,  107;  in  hssmocyanin. 
88:  in  the  liver,  187;  in  protein  sub- 
stances. 13. 

Cornea,  287,  283. 

Comein.  14,  89. 


Corpora  lutea,  288. 

Corpsewax,  248. 

Corpulence,  diet  cures,  480-482. 

Cow's  milk.  801-812;  general  behavior, 

301,  302;  analysis  of,  808-810;  con- 
stituents, in  organic,  310;  organic, 
804-807 ;   coagulation    with  rennet. 

302,  804;  in  stomach.  187;  composi- 
tion,  810-312. 

Cream,  812. 

Creatin,  relationship  to  the  formation 
of  urea,  257,  889;  to  muscular  activ- 
ity, 266,  268;  properties  and  oc- 
currence, 257;  behavior  in  the  orgnn- 
ism.  389. 

Creatinin ,  relationship  to  muscular  ac- 
tivity, 266,  268.  847 ;  properties  and 
occurrence,  847;  creatinin  sine  chlo- 
ride. 848. 

Cresol,  863. 

Cresol-sulphuric  add.  868.  864. 

Crotonic  acid,  428. 

Cruor.  55. 

Cruso-creatinin.  258. 

Cnistaceoriibin,  325. 

Crusta  inflammatoria  or  phlogistica,  87, 
113. 

Cumic  acid.  392. 

Cuminuric  acid.  398. 

Curara  poisoning,  action  on  the  muscles, 
264 ;  on  the  elimination  of  sugar,  407. 

Crystalbumin,  288. 

Crystalfibrin.  283. 

Crystallin,  282. 

Crystalline  lens,  282. 

Cyanocrystallin,  296,  826. 

Cynogen,  in  the  proteid  molecule,  4. 

Cyanuric  acid,  350. 

Cyanurin,  870. 

Cymol,  behavior  in  the  body,  892. 

Cynurenic  acid,  377. 

Cystein,  425;  grouping  in  the  body,  898» 
425. 

Cystin  properties  and  occurrence,  425 ; 
in  the  urine,  376;  in  urinaiy  sediment. 
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Endolymph,  284. 

Energy,  potential,  of  foods,  471. 

Enzymes,  general,  8,  9,  10 ;  pancreatic 
diastase,  201;  in  blood,  142;  bile,  210; 
urine,  876 ;  muscle,  256 ;  in  secre- 
tions of  the  mucous  coat  of  intes- 
tines, 197;  in  saliva,  171;  enzymes 
in  the  mucous  coat  of  the  intestines 
which  dissolve  proteids,  197 ;  in 
urine,  876;  in  stomach,  178;  in  lower 
animals,  178;  in  pancreas,  201,  204; 
in  the  plant  kingdom,  178  ;  fat-split- 
ting enzymes,  202,  208 ;  enzymes  pro- 
ducing coagulation,  see  Fibrin, 
Ferment  and  Rennet ;  urea-splitting 
enzyme,  427. 

Erythrodextrin,  171. 

Erythropsin,  see  Visual  purple. 

EfiBACH's  albumin  determination,  400  ; 
urea  determination,  846. 

Euxanthonic  acid,  876. 

Ethal,  250. 

Ether,  action  on  blood,  67  ;  on  the  se- 
cretion of  gastric  juice,  176;  on  the 
muscles,  262;  on  the  secretion  of  pan- 
creatic juice,  201. 

Ethereal  oils,  action  on  the  muscles,  262. 

Ethereal  sulphuric  acids,  in  the  urine, 
216,  863,  891,  892;  in  sweat,  827. 

Etbidine  lactic  acid,  260. 

Ethyl-alcohol,  passage  of,  into  milk, 
820;  behavior  in  the  organism,  466 ; 
action  on  the  secretion  of  gastric 
juice,  176 ;  on  muscles,  262 ;  on  di- 
gestion, 182,  189. 

Ethylen  lactic  acid,  260. 

Ethylenimin,  286. 

Exchange  of  material,  485-471. 

Excrements,  219,  222-224;  in  dogs 
with  biliary  fistula,  221 ;  in  starva- 
tion, 489  ;  with  various  foods,  222 ; 
elimination  of  water  with  the  excre- 
ments, 488. 

Excretin,  228. 

Excretolic  acid,  228. 


Exostose,  241. 
Extinction  coefficient,  81. 
Exudations,  117,  121. 
Eye,  280-288. 

Faeces,  see  Excrements. 

Fats,  origin  in  the  body,  247;  general 
properties,  detection,  and  occurrence, 
24^247;  emulsification  of  fats,  198, 
202,  208,  218,  214,  227,  244 ;  fat  in 
blood-serum,  62,  111,  118;  chyle, 
118 ;  yolk  of  egg,  293  ;  pus,  129;  fatty 
tissues,  242,  248 ;  bile,  166 ;  brain, 
274  ;  urine,  424  ;  bones,  289 ;  milk, 
802,  808,  810,  813,  317,  818 ;  nutri- 
tive value,  460,  461,  471-478;  ab- 
sorption, 227,  232 ;  heat  of  combus- 
tion, 471-473  ;  behavior  to  the  intes- 
thial  juice,  198 ;  to  gastric  juice,  188, 
188  ;  to  pancreatic  juice.  203  ;  saponi- 
fication of,  203,  218.  214 ;  action  on 
the  secretion  of  bile,  144. 

Fat,  metabolism  in  activity  and  at  rest, 
268,  269;  in  starvation,  445,  with 
various  foods,  456,  461-466,  480-482. 

Fat  cells,  188.  211,  242. 

Fat  sweat,  826. 

Fatty  acids,  general  properties,  detec- 
tion, and  occurrence,  243-247  ;  feed- 
ing with,  247  ;  nutritive  value,  461 ; 
syntheses  to  neutral  fats,  248. 

Fatty  series,  behavior  in  the  organism. 
888. 

Fatty  tissues,  242,248;  behavior  with 
gastric  juice.  188,  188. 

Feathers,  34,  826. 

Fehlino '8  solution,  415. 

Fellic  acid,  150. 

Ferments,  general,  8  (see  various  fer- 
ments). 

Fermentation,  4,  8 ;  of  the  urine,  874, 
427 ;  of  the  contents  of  the  stomach, 
187,  188,  193  (see  also  various  fer- 
mentations, such  as  the  alcoholic, 
butyric  fermentations). 


tte 


FermealalioD  lacUc  acid,  properties,  oc- 
currence, etc.,  380,  2fll;  in  bmin, 
274  ;  in  the  coalents  of  ttie  stomacL. 
1S8:  gaalric  juice,  171;  productiou 
Id  the  souring  u[  milk,  301  ;  in  tbe 
fermeDi&tion  ot  urine,  427:  deU^cLiuu 
in  Ibe  conlcou  of  llie  Btumocli.  IM. 

FermeatatioQ  l«8t,  od  tlie  urine.  iVi. 

FeTers,  eluniuatioa  of  ammonia,  itH4  ; 
uric  acid,  3>>3  :  urea,  it37  ;  potassium 
aalu.  das  ;  blood  in  ferera,  IIU,  114: 
mettbolism  of  proldds  fn.  Bit7. 

Fibrin.  14,  156;  properties.  57;  occur- 
rence In  transudations,  117,  1)^1,  123; 
Henle's  fibrin,  385. 

Fibrin  congulatioo,  58.  8ft-M. 

Fibrin  concremenls.  238. 

Fibrin  ferment,  55,  B8.  8B,  80-98,  117. 

Fibi-in  globulin,  59,  63. 

Fibrine,  soluble,  see  Serum-globulin. 

Fibrinogen.  14.  66.  02,  93,  tl7. 

Flbrinoplaslic  substance,  see  Bcrum 
globulin. 

Fibroin,  14.  89 

Pfsli,  egg,  18  290 ;  bones,  240  ;  scales, 
SO  ;  air-bladder.  50. 

Flesh,  amount  of  nitrogen  la.  373,  441; 
digeslibimy.  187.  190;  composliion, 
370,  371  {see  also  Muscle). 

Flesh,  metabolism  of.  in  starvation, 
44S ;  Id  various  foods.  4.^4-485. 

Ftvsh  Bccumulntion  of.  with  various 
foods.  4S4,  455,  463.  46S. 

Fluorine,  in  biinc«,  338.  380 ;  in 
enamel,  243. 

Tly-magguta,  formation  of  fat  in,  248. 

Sbrmlc  acid.  In  butler,  803;  in  con- 
tents of  the  slomaoh.  196 ;  paesago 
Into  the  urine,  S74. 

I^S'acggi.  membruDC  of  tbeaame,  83, 

Fnmaric  ncld,  17. 

Fundus  gtan<1s.  175,  185 

nrfiirol.  nilftil'in  lo  PuTresKorBR'a 
tcit  for  bile  ncids,  146  ;  behavior    in 


Furfuracrjlic  acid,  389. 
FusBatliaKu'a  albumin  reagent,  SOT. 
FuscLq.  283. 

Galactose.  806;  from  cerebrio.  377;  from 
vegetable  bodies.  820. 

Qauaiis'h  iaosii  test.  339. 

Qaaesof  the  blood,  94-105;  of  thecuu- 
l«ulB  of  Ihe  iult-atiiie,  21B  ;  of  Ibe  bile. 
158;  of  the  urine,  385;  of  [he  ben's 
«gg.  ^396 .  of  Ihe  chjle.  ItB ;  of  milk, 
811  ;  of  muscles.  26S,  364  ;  of  Iranau- 
datiotis,  113. 

Otts.  exchange  of,  with  various  ages. 
470  ;  by  the  skin,  338 ;  In  Marvallon. 
446;  in  various  tonditioiis  of  Ihe 
body,  487,  468  ;  in  the  muscles.  284 ; 
with  vnriuuB  foods.  447. 

Gastric  juice.  175;  secretion  of,  176: 
degree  of  acidity.  194;  aniQcinl  gas- 
tric juii-e.  179;  action.  23.  36,  88, 
179-184,  186-193. 

Gelatine,  38  ;  im|>ortance  in  the  forma- 
tion of  glycogen,  189 ;  putrefaction, 
37.  316;  nutritive  value.  459;  behavior 
with  gaalric  juice,  183,  311;  to  pan- 
creatic juice.  211. 

Gelatine,  forming  tissues,  see  Coilogea. 

Qelalbie  peptone.  38. 

Generative  organs,  285-299. 

Germ,  of  the  egg,  201. 

Globulins,  14;  general  charai-ter.  23: 
in  Ibu  urine,  397.  400;  In  Ihe  proto- 
plasm, 42  (see  various  globulins). 

Globulin  tablets,  86. 

Globuloscs.  37. 

Glucosamine,  833. 

Glucose,  formation  by  Ihe  action  of 
saliva.  171 ;  of  puncreatlc  juice,  tn 
t»ee  Grape-sugar). 

Glue  sugar,  see  OlycocoU. 

Glutamic  acid.  16. 

Giiitin,  in  pua.  130  («ee  Glue). 

Glycerin,  importance  for  the  formallon 
of  glycogen,  139,  140;  relationship  to 
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the  syntheBis  of  faU,  248 ;  action  on 
the  elimination  of  uric  acid,  851; 
solvent  for  enzymes,  9;  nutritive 
value,  482. 

Glyoero-phOBphoric  acid,  48,  118,  127, 
181, 184,  156 ;  in  the  urine,  874,  876. 

Glycin,  see  Glycocoll. 

Glycocholic  acid,  145;  properties.  146 ; 
quantity  in  excrements,  219 ;  in  vari- 
ous animal  bile.  158  ;  behavior  in  the 
putrefaction  in  the  intestines,  219. 

Glycocoll,  properties,  150;  production 
in  the  putrefaction  of  gelatine,  87, 
216  ;  from  protein  substances,  87-89; 
relation  to  the  formation  of  uric  acid, 
850,  852;  to  the  formation  of  urea, 
888,  889;  syntheses  with  glycocoll, 
8,  160,  859,  889.  892. 

Glycogen,  188-148;  origin,  189;  gen- 
eral chemical  behavior,  188,  189 ; 
relation  to  the  formation  of  sugar. 
141,  142  ;  to  muscular  activity,  265- 
268 ;  to  rigor  mortis,  208 ;  occurrence 
in  the  muscles,  250;  in  the  protoplasm 
42,  52,  85. 

Glyconic  acid,  874. 

Glycosuria.  63.  142.  407. 

Glycuronic  acid,  properties,  874;  paired 
glycuronic  acids.  217.  867.  874; 
grouping  in  the  body,  890.  893 ; 
origin,  890. 

Glycuron,  374. 

Glyoxyldiureid.  358. 

Gmblin's  test  for  bile  pigments.  154; 
in  the  urine.  405. 

Goat  milk.  812. 

Gout,  elimination  of  uric  acid  in.  851, 
852. 

Graaffian  vesicles.  287. 

Grape-sugar,  properties  and  occurrence. 
406-409 ;  in  urine.  68.  142.  406-419  ; 
detection.  410-414;  quantitative  esti- 
mation. 414-419  :  reactions.  408-410. 

Guaiacum  blood  test,  402. 

Guanin,  properties  and  occurrence.  50; 


in  urine,  859 ;  quantity  In  liver,  187; 

pancreas,  200 ;  spleen,  287. 
Guanin  gout,  51. 
Guanin  lime,  50. 
Guano,  49,  50,  851. 
Guano  biliary  acids,  147. 
Guanovulit,  296. 
Gum,  animal,  82  ;  in  urine,  874. 

Hsmin,  78.  79. 
Hsemin  crystals,  79,  408. 
Hssmochromogen,  69;  properties,   76; 

in  muscle,  256. 
Haemocyanin,  83. 
Haemoglobin,  properties  and  behavior. 

72;  quantity  in  blood,  69,  108-111; 

quantitative  estimation.  82 ;  behavior 

in  tbe  trypsin  digestion,   211     (see 

Oxyhemoglobin  and  its  combinations 

with  other  gases). 
Hsemoglobinuria,  401. 
Heemometer,  82. 
Hsematocrystallin,    see    Oxyhiemoglo- 

bin. 

&air.  84  ;  ash,  822  ;  pigments  of,  824. 
825. 

Hair-balls,  226. 

HXser's  coefficient,  387. 

Haematin.  relation  to  bilinibin.  161  ;  to 
urobilin,  161,  871  ;  properties.  76. 

Hflematinometer,  81. 

Hsematochlorin.  298. 

Hsematogen,  292,  297. 

Hsematoglobulin.  see  Oxyhsmoglobin 

Haematoidin,  relation  to  bilirubin.  80. 
153.  160,  162 ;  properties,  80 ;  occur- 
rence. Corp.  lutea,  288;  in  excre- 
ments, 228 ;  sediments,  480. 

Hsematolin,  78. 

HflBmatoporphyrin.relation  to  bilirubin, 
78,  161  ;  to  urobilin.  871 ;  properties, 
78  ;  occurrence  in  lower  animals,  825. 

Hseraatosiderin.  162. 

Haematuria.  401. 

HaBmerythrin,  88. 


^B    ^8                                                 ^^^^^^^^^^1 

^V        Beat,  notion  on  the  eiclinnge  ol  ma- 

Hydrocinuaniic  acid,  beharior  In  the 

^1            lerial.  469:  ilevelopmeul  of  heat  in 

boJj-.  360. 

H            pkDts,  2. 

Hydrochloric   acid,    secretion    by  the 

^m          Hkller's  albtimiu  leal.  IK;   In  urine. 

Bloinach,    176 ;    antl-ferineDtivt;    ac- 

H        uwt. 

tion,  193;  action  on  opening  the  py- 

^B         BELi^R-TGicmiANN'B  bliiod  test,  403. 

lorus,  189;  onllieBecteUouofpeiisin, 

^K         Hemi-Blbutnoae,  26. 

177 :  quantity  of,  Iti  Ibu  gastric  Juice, 

■          BemJ-collin,  88. 

177 ;  reagents  tor  free  HCI,  194,  195 ; 

H          llemi-elaatin,  36. 

actlononalbumln.  30.  23.  180. 

^H         Ueml-peptoue,  36. 

Hydrocyanic  acid,  action  on  pepsin  di- 

^^V          Uemp-aeeil  stouc,  432. 

■          Heu's  egg.  291-393;  iiHtcliiug,  397. 

Hydrogen,  in  putrefactive  and  fennen- 

^M          Ueierottltiunioae.  S7. 

live  prociBsee,  4.  316.  318, 

H          Helenixnuitilii,  48.  359. 

Hydrogen  peroxide,  in  urine,  385. 

■          HippomelaoiQ,  324. 

Hydrolytic  splitting.  8. 

^M          Hippuric  acid.  8SU;  pioperties  and  re- 

^M              RctlonB,  361;  TurmarloD  in  the  bodj, 

Hydroparacu marie   acid    in    putrefac- 

■             8.  360,  361,   892;  spllltiDg,   380.  362; 

tion  in  the  intestines.  316. 

H            occurreucc,  300;  iu  aedimeais,  430, 

Hydrophenokelon,  Q. 

^M          Hiatozyme.  S03. 

Hydropa  Xoliiculorum  Graafli,  288. 

^M          HoFMAHK's  tyrosln  leat.  209, 

Hyo-glycocholle  ncid.  147. 

H          Holothuria,  Mucin.  H. 

Hypalbumlnose,  113. 

H          Homocercbln,  276,  277. 

^M           HoFPK-BKTi.Kn'srarbonmonfiiLidelest, 

Hyperinosc,  113. 

H             73;  lanthin  tcsl.  49. 

Hyplnose.  113. 

■          Horn,  SS- 

Hyposulphites,  in  the  urine,  376. 

^B          Horn  suhatance,  we  Keratin. 

Hypoinnlhin,  relation  to  the  formatloa 

^1         nonte'ii  milk,  312. 

of   uric   acid.   852,    389;    properlle*. 

H         HuraiD  eubstance,  3(19.  394. 

etc.  50;  quantity  In  the  Hver.  187; 

^M          Hitmor.  aqueous.  126. 

In    muscles.    3fi6:     pancreoa,    SOO; 

^1         Bctppbbt'8  bile-pigmeot  reaction.  154. 

■             403. 

^1          nvnltne,  84.  3S3. 

semen,  387. 

Icelerus.  143,  162;  blood,  114;  In  urine. 

H         BA'allne  substance  of  RoriDA.  67,  85, 

405. 

■ 

lohthldin,  396. 

IcljtLin.  296. 

^H       Hyiracryllc.  260. 

Ichlhulln.  296. 

^H       Hydmemia.  113. 

Indlran,  366-868. 

^H       Hydnimnlon.  399, 

^H       Hydroblllrubin,   1.^2,   108:    rclalton   to 

86fl;  in  disease.  366. 

^H          urobltlD.  161.  238.  870 :  rormailon  In 

lodlpo,  366;  in  Hwntl.  338. 

^H           piitTefactlon.  319. 

Indlt'o  blue.  867.  370. 

^^^      Hydrocele  fluid.  130. 

Indol,  properties,  318;  formation  from 

^^1      RydrorhinnK.  ttlVi.  394. 

prolcids,    16.    17:    In     putrefaction. 

216,  217,  363,  866. 
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Indophenol  blue,  behayior  in  the  tis- 
sues, 5. 

Indoxyl*  216,  866. 

Indoxyl  glucoionic  acid,  366,  367,  898. 

Indoxyl  red,  867. 

Indoxyl  sulphuric  acid,  868, 866»  867. 

Inosit,  properties  and  occurrence,  256; 
in  urine,  420. 

Inosinic  acid,  256. 

lutestiue,  contents,  212-225. 

Intestine,  putrefaction  processes  there- 
in, 215-222;  absorption.  215,  216, 
225,  227-282;  digestive  processes, 
212-216.     . 

Intestine,  glands  of  the  mucous  mem- 
brane, 197. 

Intestinal  calculi,  226. 

Intestinal  fistula,  197. 

Intestinal  gases,  218. 

Intestinal  juice.  197, 198. 

Iodine  combinations,  passage  of,  into 
milk,  820;  sweat,  828;  saliva,  178. 

Iodoform  test,  Guknino's.  421;  Lie- 
ben's,  421. 

Ischuria,  828. 

Isodynamic  value  of  foods,  478. 

Isocholesterin,  165. 

Isotropous  substance,  251. 

Iron  in  blood-coloring  matters,  70,  76, 
77,  81.  161;  In  blood,  68,  65,  106;  in 
the  bile.  157.  161;  in  urine,  885;  in 
the  liver,  186,  187;  in  milk,  810,  815, 
820;  fn  the  spleen.  180.  181.  186;  in 
muscles  262;  in  protein  substances, 
15,  23.  180.  186;  elimination  of  iron. 
157.  161.  174.  385;  amount  of  iron  in 
dog's  milk  and  new-bom  dogs,  317; 
absorption.  463. 

Iron  salts,  elimination  bv  the  urine.  385; 
action  on  the  blood.  Ill:  on  trypsin 
digestion,  206;  absorption.  458. 

Jaffa's  indican  test,  867;  creatinin  re- 
action, 840. 
Janthinin,  325. 


Jaune  indien,  875. 

Jecorin,  properties  and  occurrence,  187. 

Kephir,  807. 

Eerasene,  276. 

Keratin,  14,  822;  properties,  84;  in 
egg-shells,  296;  in  bones,  288;  be- 
havior with  gastric  juice,  188;  to 
pancreatic  juice.  211. 

Keratinose,  85. 

Kidneys,  831 ;  relation  to  the  formation 
of  uric  acid,  852;  to  urea,  889;  to  hip- 
puric  acid,  361. 

Kjeldahl's  method  of  determining  ni- 
trogen, 841,  345. 

Knafp's  titi-ation.  method,  417. 

Knop-Hufmer  method  for  determin- 
ing urea,  846. 

Kumyss,  807. 

Kyestein,  430. 

Lactalbumin,    14;    properties,  806;    in 

human  milk,  318. 
Lactates,  261. 
Lactic  acid,  260  (see  Paralactic  acid 

and  Fermentation  lactic  acid). 
Lactic  acid,  fermentation,  807,  409;  in 

urine,  427;  in  stomach,  187,  188;  ui 

milk.  801. 
Lacto-caramel,  807. 
Lacto-globulin,  306. 
Lacto-protein,  306. 
Lactose.  806. 
Lsevulinic  acid,  82. 
Latebra,  291. 
Laxatives,  action  on  the  blood,  118;  on 

the  secretion  of  intestinal  juice,  197; 

action  of.  225. 
Lead,  in  blood,  107;  in  the  liver,  187; 

passage  into  the  milk,  820. 
Lecithin,  properties  and  occurrence,  48; 

action   on   the   coagulation   of   the 

blood.  92:  putrefaction  of,  45,  219; 

relation  to  muscular  activity.  266. 
Lens,  see  Crystalline  lens. 


^P   SOO                                      nfDBX.                                                   1 

■      Uds  npBule,  283. 

■      UUial,  200. 

monia,  3S2  ;  of  uilc  acid.  8S3 ;  lactio 

acid.  853.  873  ;  action  ou  Ibe  forina.              i 

'                 852;   lantliin    bodies.    48.118,    183. 

tion  of  bile,  159,  160. 

sag. 

Luleinea.   398;  iu  corpora  lutea.  288; 

in  yolk  of  tlie  egg,  39it .  In  seruni,  68; 

■        LeQciD.  18.    n.   306.  relationship  to 

■            the    fomuitloD    of    uric    acid,   353; 

Lymph,                                                      ^^^H 

■            to  tbe  fonnfllion  cl  urea,  338.  388  . 

Lymphatic  gUnd.  130.                            ^^^H 

Lymph  fibrinogen.  85.                        ^^^^^| 

■           rence.  etc..   206;    passage   into  Uie 

Lympb-cells.  proteids,  43  see  (Cota^^^^H 

■           Brine.  ^U :  beliavior  in  tbe  body.  S3S. 

■           S89. 

^^^^1 

Mackerel  flesh.  271.                              ^^H 

Leucocylea,  see  Colorless  blood-corpus- 

Madder  in  urine.  393.                             ^^^H 

cles. 

Magnesium  iu  the  urine,  884 ;  In  booe^^^H 

Leucomaioes.  13 ;  In  urine.  876. 

38S,  339  ;   in  muscles.  282.  270   (NI^^H 

■  Lefuloue  in  urine.  419. 
B       LiKBBMDHN'e  glttuds.  197. 

■  LiKBiQ'BtitraiioDinetbod  for  estimalkig 

Tarious  tissues  and  fluids).               ^^^^1 

culi.  226  :  in  urine,  898  ;  in  urinaq^^H 

^1          tbe  quftDlily  of  urea,  341. 

calculi.   431,   433 ;    in   urinary  Mltt^^H 

H       Ugamentutn  ducIik.  36. 

ments.  430  ;  In  bones.  288.  330.      ^^^1 

■        Lime.  l»cli  or.  in  foods.  341.  4S3. 

Malaria,  blood  In.  118.                        ^^H 

V        Linseed  oil,  feeding  with,  347. 

Malt  diastase,  171.                                    "^^H 

LipKidamla,  114. 

Maltose,    formation  from  atarcb.   ITl.^^^Tj 

Uptemia.  113. 

303  ;  behavior  to  intestinal  juice.  198^             1 

Lipochrome.  63,  398. 

213.                                                                         J 

Lipuria.  424. 

Mammary  glands,  800.  31»,  820.             | 

■        Lltbium  Id  blood.  107. 

Mandelic  acid.  392.                                  ^^H 

■       Lltbobtlic  acid.  227. 

Mare's  milk.  813.                                      ^^^H 

■       LIthofellic  acid.  237. 

Miirgarln  and  margaric  acid.  345.        ^^H 

■       LiUturic  acid.  877. 

Marsb  gas,  in    Intestine.   218,    S19  ;  lo^^^ 

B        Liver.    186-137  :    Telstionehip    to    tbe 

iatestina)   putrefaction.  216;    in  the 

H            fonnalion  of  uric  ncid,  3S3.  S53  ;  to 

■          tbe  fonnatioo  of  urea,  338.  389;  blood 

■            of  tbe  liver.   106,   141;    albuminous 

Material,  exchange  of.  dependence  on 

H            bodie*.  136;    fat  of.  136;    amount  of 

■            lugar.  141. 

various   ages.   470 ;    tn  activity  and 

rest,   364-370.  467.  468:   in   varioita 

^H         884 :  leucin  and  tyrosin,  434  ;  kctic 

with  various  foods.  454-4B5 ;  In  sleep 

^H        idd.  260.  374. 

and  waking,  468  ;  calculation  of  th* 

^H      U-nt.   cirrhoois.    ascltical  fluids,    194  : 

exrent  of  exchange  of  material.  441, 

^H         BMlon  OM  IlieellmliJMtionor  ammonia 

443, 

^H        and  utca,  33S.  384. 

Hecoolum.  334. 
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Melanin,  relation  to  blood-ooloring 
matters,  102,  9sii ;  properties,  occur- 
rence, and  composition,  824,  825 ;  in 
the  eye,  282  ;  in  the  urine,  408. 

Melannmia,  114. 

Melauogen,  408. 

Melanotic  tumor,  coloring  matters  of, 
824. 

Melissyl  alcohol,  250. 

Meliitsmia,  114. 

Menstrual  blood,  100. 

Menthol,  behavior  in  the  body,  808. 

Mercapturic  acid,  898. 

Mesitylen,  behavior  in  the  body,  802. 

Mesitylenic  acid,  802. 

Mesitylenuric  acid,  808. 

Metalbumin,  289. 

Metallic  salts,  action  on  enzymotic  pro- 
cesses, 172, 181,  208. 

Metaphosphoric  add,  constituents  of 
the  nucleins,  28,  46;  albumin  rea- 
gent, 19 ;  in  urine,  806. 

Methal,  250. 

MethflBmoglobin,  74 ;  in  blood  in  pois- 
oning, 115 :  in  urine,  401. 

Methyl-guanidin,  848. 

Methyl-guanidin  acetic  acid,  see  Crea- 
tin. 

Methyl-glycocoll,  see  Sarkosin. 

Mcthyl-hydantoin,  850. 

Methyl  hydantoinic  acid,  880. 

Methyl-indol,  see  Skatol. 

Mc'thylpyridyl-ammonium  hydrozyl, 
898. 

Methyl-uric  acid,  850. 

Methyl-uramin,  848. 

Micrococcus  ures,  427. 

Micro-organisms  in  the  intestinal  canal, 
10,  215. 

Milk,  800-322;  secretion,  818-822;  blue 
or  red  milk,  821;  milk  in  disease, 
820;  passage  of  foreign  bodies  into, 
820  (see  various  varieties  of  milk). 

Milk-fat,  803;  analysis,  809;  formation. 
810. 


Milk-globules  of  cow's  mUk,  802,  808; 
of  human  milk,  818. 

Milk,  human»  812-816;  behavior  in 
stomach,  187,  818;  composition,  814. 

Milk-pUuBma,  804. 

Milk-sugar,  properties,  806,  807;  fer- 
mentation, 187,  801,  807;  quantita- 
tive estimation,  808,  810;  passage  into 
the  urine,  807,  410;  origin,  820. 

Mineral  acids,  104,  888,  450,  452;  anti- 
fermentive  action,  102;  action  on  the 
elimination  of  ammonia,  888,  452. 

Mineral  bodies,  elimination  in  starva- 
tion, 448;  inadequate  supply  of,  440; 
behavior  in  the  organism,  450  (see 
various  fluids,  tissues,  and  Juices). 

Millon'b  reagent,  20. 

Mohb'b  titration  method  for  chlorine, 
878. 

Moobb's  sugar  test,  408. 

Morphine,  passage  into  milk,  820;  into 
urine,  808. 

Mucic  acid,  806. 

Mucin,  14;  properties  and  composition, 
82;  in  connective  tissue,  288;  in 
urine,  876,  805;  in  salivary  glands, 
82,  168;  detection,  401. 

Mucin-like  bodies  in  bile,  145;  urine, 
876,  805;  kidneys,  881;  thyroid  gland, 
188;  synovial  fluid,  126. 

Mucinogen,  82. 

Mucinoid,  14,  81,  84. 

Mucoid,  14,  81,  84;  in  ascitical  fluids. 
124;  cornea,  287;  vitreous  humor, 
234,282. 

Mucous  tissues,  284. 

Mucus,  of  the  bile,  144;  of  the  urine. 
881.  876,  401;  of  the  synovia,  126. 

Mulberry  calculi,  432. 

Murexid  test,  854. 

Muscles,  non-striated,  272;  striated, 
251-272;  blood  of  the  same,  100.  264, 
265.  268;  chemical  processes  in 
activity  and  at  rest,  264-270;  in  rigor 
mortis,  268;  albuminous  bodies,  252- 
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256;  eztnctiTe^  iS$-26t;  coUxing^ 
mmtten,  256;  fml.  261,  26B,  270,  271;  I 
gBMS,  262,  26i-2t6;  minerml  bodies,  > 
261,  262,  270;  reaction,  251,  252,  266;  | 
amotmi  of  water,  272;  compostiioo, 
270. 

Xoacle-coloriog  mstters^  256. 

Muscle-fibre,  252. 

If fucle-pUsms,  252  ;  ooagolalion  of, 
252,  254,  263,  272. 

If  osde-seram,  252. 

Mttscle-AJgmr,  260. 

Mttscle-stroma,  255, 

Xuscle-sTDtODiD,  256, 

Xoscalar  activity,  chemical  proccases 
in  the  muscles,  264-270;  action  on 
the  urine,  883,  347;  on  the  exchange 
of  material,  264-270,  467,  468,  478, 
479. 

If  usculin,  14  ;  properties,  255. 

Mutton  tallow,  247. 

Myeline,  274. 

Myeline  forms,  274. 

Xtoge  and  Chbistbhsbm's  albumin 
determinate,  400. 

Myoalbumin,  255. 

Myoalbumose,  255. 

Myosin,  252  ;  properties,  253,  254 ;  in 
protoplasms,  42,  84. 

Ifyosio-ferment,  254. 

Myosin ogeii,  254. 

Myosinoses,  27. 

Myoglobuiin,  255. 

Myobsmatin.  256. 

Myricyl  alcohol,  250. 

Myrisin,  250. 

Myristinic  acid  in  butter,  808. 

Myxoederma,  133. 

Myxoid  cyst,  288. 

Nails,  84,  35,  822. 

Kaphthalin,  changing  of  the  urine,  394 ; 

behavior  in  the  body,  394. 
Kaptbol,  reagent  for  sugar,  410,  414; 

behavior  in  the  oody,  394. 


Kaphthol  glyciiroiiic  acid,  313, 

NaTelH»rd,  mucin  d,  38,  234. 

Nebecola,  33L 

Neoflsin,  34. 

Nerves,  27a 

Neuridin,  278,  291. 

Neurin,  44;  in  supra-renal  body,  134. 

Neurokenuin,  35,  273,  280. 

Neutral  fats,  see  Fkta. 

Nitrates  in  urine,  883. 

Nitric-oxide  bssmogloUn,  74 

Nitiobenzoic  add.  17. 

Nitrobenzyl-aloobol,  398. 

Nitrogen,  elimination  in  rest  and  acliT- 
ity,  267-270,  467,  468;  in  starratioo. 
444. 445 ;  with  various  foods,  454-^165 
elimination,  by  the  excrement,  440 
urine.  837,  888, 880, 882, 438, 489, 440 
horn-formation,  489,  440 ;  sweat.  489 
relation  to  the  elimination  of  phos- 
phoric acid,  880;  to  sulphuric  add, 
388. 

Nitrogen,  free,  in  blood,  94;  in  intestines, 
218;  in  stomach.  189 ;  in  secretions, 
158,  170,  811,  885;  in  transudations, 
122;  combined  nitrogen,  quantity  of, 
in  the  discharges  of  the  intestines.  440 ; 
in  meat,  272,  441 ;  in  urine,  337,  888; 
determination.  341-347 ;  in  protein 
substances,  15,  32,  35,  39. 

Nitrogen  deficit,  439. 

Nitrogenous  equilibrium,  440;  with  va- 
rious foods,  454-465. 

Nitrophenyl-propiolic  acid,  reagent  for 
stigar,  410,  414 ;  behavior  in  the 
body,  366,  367. 

Nitrosoindol-nitrate,  217. 

Nitrotoluol,  behavior  in  the  body,  898. 

Nitrotyrosin-nitrate,  209. 

Non-striated  muscles,  272. 

Nuclein,  properties  and  occurrence, 
46;  in  blood-corpuscles.  67;  pus,  129; 
brain.  273  ;  sperma.  287. 

Nuclein  protamin,  287. 

Nucleoalbumin,  14;  properties,  22;  in 
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bile,  145;  in  urine,  876,  896;  kidneys, 
881 ;  mammary  glands,  800,  819;  sy- 
novia, 126. 

Nutritive  bodies,  necessary,  485;  beat 
of  combustion  of,  471-478. 

Nutrition,  need  of  man  for,  478-480. 

Nutrition,  influence  on  the  secretion  of 
intestinal  juice,  197  ;  bile.  148,  144  ; 
gastric  juice,  176 ;  pancreatic  juice, 
200 :  on  the  elimination  of  ammonia, 
884  ;  uric  acid,  851 ;  urea,  887,  454. 
462,  465  ;  carbon  dioxide,  447 ;  min- 
eral bodies,  887,  879,  882  ;  on  the  ex- 
change of  material,  449-465 ;  varioos 
foods  rich  in  proteids,  454-460 ;  pro- 
teid  and  fat,  460-462  ;  proteid  and 
carbohydrates,  462-465 ;  insuflicient, 
449-454. 

Ntlandbr's  test  for  sugar,  411. 

Odoriferous  bodies  in  urine,  894. 

(Edema,  fluid  of.  126 

Ortbl's  diet  cure,  480,  481. 

Oleic  acid,  245. 

Olein,  248-246. 

Oligmia,  112. 

Oligocythsmia,  112. 

Oliguria.  887. 

Olive-oil,  action  on  the   secretron  of 

bile,  144. 
Onuphin,  81 
05cyan,  896. 
05rodein,  896. 

Opium,  passage  Into  the  milk,  820. 
Optogram,  888. 
Omithin,  889,  898. 
Omithorio  add.  898. 
Organs,  kw  of  weight  in  starvatfon, 

448. 

Organic  addt,  behavior  in  the  body, 
889. 

Organiied  pioteids  or  tissue-proteids, 

457,458. 
Orthonitrophenyl-propiolic     acid,    see 

Nitrophenyl-propiolic  acid. 


Ossein.  87,  288,  240. 

Osteomalacia,  241 ;  lactic  acid  In  urine, 
874. 

Otboliths,  284. 

Ovalbumin,  14 ;  properties,  295 ;  be- 
havior in  the  body,  284. 

Ovarial  cysts.  288-291. 

Ovovitellin,  14 ;  properties,  292. 

Ovum,  287. 

Oxalic  acid,  in  blood,  114 ;  in  urine, 
857 ;  behavior  in  the  body,  889. 

Oxalic-acid  diathesis,  857. 

Oxalate  lime  in  urine,  857;  calculi, 
482  ;  sediments,  428. 

Oxalate  stone,  482. 

Oxaluric  acid,  251,  857. 

Oxaluria.  857. 

Oxamid,  16. 

Oxidation,  1-5.  71,  94,  95,  96,  155,  216, 
217,  850.  868.  889,  891.  892. 

Oxyacids,  formation  of,  in  putrefac- 
tion, 216;  passage  of.  into  the  urine, 
216,  868:  in  sweat.  827. 

Oxybenzoic  add,  grouping  in  the 
body,  892. 

Oxybenzol.  891. 

Oxybutyric  acid,  In  blood,  104;  in 
urine,  884,  428. 

Oxygen,  activity  of.  In  the  animal  body, 
5.  71.  95:  in  blood,  95.  96.  100.  101, 
102;  in  intestines,  158,  170;  lymph, 
118;  in  stomach.  189;  In  transuda- 
tions, 122;  binding  of  the  oxygen  in 
the  blood,  70.  95;  tension  of.  in  the 
blood,  100,  101;  In  the  expired  air, 
101. 

Oxygen,  consumed  in  activity  and  rest, 
265,  468;  in  starvation,  446;  by  the 
skin,  828. 

Oxyhsematin,  76. 

Oxyhsemocyanln,  88. 

Oxyhemoglobin,  69;  dissodatlon  of, 
70,  100;  properties  and  behavior.  69- 
71;  quantity  in  blood,  69.  10«-lll; 
in  muscle,  256;  passage  into  the  urine^ 


^m    604                                                         ^^^^^^H 

■             Ml;  behavior  wilbgaBtric  juice.  183; 

pKrovaiial  cysts.  291.                           ^^^^^M 

■              totrypslD.  all. 

PeulacumJu,  330.                                  ^^^^H 

Pentamethylendiamin,  378.                    ^^^^^ 

Pepsin.    175,    178:   properties,    178;   In 

^1         OxyplieDjIamldo-propIonlc    acid,    see 

urine;  328.  378;  iu  muscles.  336;  de. 

■            Tyn.ai«. 

teclioD   in  the  contents  o(  the  stom- 

ach; 193;  qusntilalive  estlniatlon,  180. 

H          Ozoue,  3,  9S. 

181;  acUou  on  albumin,  179;  on  other  . 

^m          Ozaae-eiciiex,  96. 

bodies.  183. 

H         Oumfl-tiuDsmlltcr,  7L 

Pepsin   digestion.   179,    180,    181,   183; 

products  of  the  same,  36-29. 183,  188 

H          PBlmltlc-&cid,  24S. 

186. 

H          PHlmilicacid  celyl-ether.  300. 

Pepsi  u- glands,  175, 

■         pHlmltic-acid  laelUsyl-etber,  350. 

Pepsin  leal.  180, 

■          Pklmitiu,  343.  345. 

Pepsin  hydrochloric  acid.  188. 

H          Paucreas,  199,  300:  extlrpatioD.  ucUoq 

Pepsi  Dogea.  186. 

Peptone.  25;  in  tbe  putrefaction  of  pro- 

^m             clarge,  133  ;  cLuuge  during  aecreliou, 

teids,   216;  in  pepsin  digestion,   37, 

H            199.  an.  312. 

162;  in  trypsin  digestion,  37,  306;  a». 

similalion,  381.2SS;   preparation.  28; 

■             301,  an.  213 :  CDiymc*.  303-306;  rc- 

nutrilive  value,  459;  absorption,  S^^^^J 

■           tlon  on  uuiriUve  bodies,  203-306.  314, 

332;   passage  into  Ibe  urine,  8S8,  M^^^^H 

■ 

Peptone-piosma,  54.                           ^^^^H 

Peptonuria,  398,                                     ^^^^M 

■         Panbamic  acid.  351. 

Pericardial  fluid,  123,  13a                   ^^^H 

H        Farai^aselQ.  805. 

Perilymph,  364.                                    ^^^^H 

^M         Paracresol,  formatloD   in  putrefacLion, 

Peritoneal  fluid.  123.  124.                  ^^^H 

■             316.  363. 

Perspiratio  insensibilis.  4SS.                 ^^^^| 

Pbttensofer's  test  for  bilMCid*.  l^^^H 

Phacozymas.  283.                              ^^^^1 

^H        Paralactic  acid,    relation  lo  uric  acid, 

^H            850,  851;  prnperties  and  occurrence, 

Plienaceturic  acid.  882.  30a                 ^^^W 

^H            260  ;    prodiiclion   la   muscle  during 

Phenol,  eliraination  by  Ihe  urine.  31«.             ' 

^H           utfvily.  266,  368;   in   rigor   mortU, 

383;  ta  starvation,  319;  estiraaUon  In 

urine,  364;  action  on  the  urine.  894; 

^M           of.  into  the  urine.  3^3,  374. 

electrolysis  of.  8,  390;  formation  in 

^H       Panlbumiu,  269,  390. 

puirofaclion,  216.   363;   behavior   in 

^H      ParamyoBin,  253,  355. 

the  body.  316,  26S.  393.  394. 

^^M     Paraoxypbenyl.pcopionic  acid,  216,  SOU. 

Phenol  glycurouic  acid,  364,  393. 

Phenol-Ruiphuric   ncid  in  urine,  868, 

^H     Parapheoyl-acetic  add,  316.  368. 

364.  393;  in  sweat,  827. 

^M     ParaianlLiu,  48.  359. 

Phenyl  acetic  scid,  formation  in  putre- 

^H    Puletal  cells.  ITS. 

faction,  216;  in  body.  891,  393.          ^^_ 

^m     pBrottd.  167. 

PlieDyI.nmido4celIc  acid.  893.            ^^^^^| 

^H     IWoUd  8&l»a,  169.  170. 
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Phenyl-glucosazone,  410. 

Phenyl- hydrazine  test,  807;  In  urine, 

410,  418. 
PbeDyl-lactoeazone,  807. 
Phenyl- propionic    add,  formation   in 

putrefaction,  216,  861;  in  body,  808. 
Fhlebin,  68. 

Phloridzin  diabetes,  148,  407. 
Phosphorus-poisoning,  action   on  the 

elimination  of  ammonia,  888,  884;  of 

urea,  887,  888.  884;  lactic  add,  874; 

production  of  fatty  degeneration,  248; 

changing  the  urine,  887,  888,  874, 

424. 
Phosphorized  compounds  in  urine,  876. 
Phosphoric  acid,  elimination   by  the 

urine,    879-882,   448;    formation    in 

muscular  activity,  266,  268. 
Phosphates  in  urine,  870-882,  806  (see 

various  phosphates). 
Phosphate  diabetes,  880. 
Phosphate  stone,  482. 
Phenodn,  276. 
Phthalic  add,  801. 
Phymatorusin,  824;  in  urine,  408. 
Physetoleic  add,  250. 
Picric  acid,  reagent  for  albumin,  20, 

400;   for  creatinin,  840;  for  sugar, 

410,  414. 
Pig-milk,  812. 
Pike,  fleeh  of,  272. 
Pilocarpin,  action  on  the  secretion  of 

intestinal    Juice,     197;    sweat,    827; 

saliva,  178. 
P(RiA*s  tyrosin  test,  208. 
Placenta,  298. 
Plants,  chemical  processes  in  the  same, 

1,2. 
Plasma,  see  Blood-plasma. 
Plasmoschise,  92. 
Pleural  fluid,  128. 
Plums,  influence  on  the  elimination  of 

hippuric  acid.  860,  861. 
Polycytbaemia,  111,  116. 
Polyperythrin,  82(!L 


Polyuria,  880,  887. 

Portal  vein,  blood  from,  108, 141,  280. 

Potassium  combinations,  elimination  in 
fevers,  888;  in  starvation,  888,  448; 
by  the  urine,  888,  448;  by  the  saliva, 
178;  division  in  the  form  elements 
and  fluids,  68. 

Potassium  chlorate,  poisoning  with, 
114,  401. 

Potassium  phosphate,  in  yolk  ef  the 
egg,  294;  muscles,  268;  cells  68. 

Preputial  secretion,  826. 

Principal  cells.  175,  186. 

Propepsin,  186. 

Propyl-benzol,  in  body,  892. 

Prostotic  calculi,  287. 

Prostatic  secretion,  285. 

Protagon,  278,  274.  275. 

Protamin,  287. 

Proteid,  81;  of  the  mammary  glands, 
800,  819,  820;  in  the  protoplasm,  42, 
48. 

Protdds,  separation  from  liquids.  21; 
approximate  estimation  in  the,  400; 
influence  on  the  formation  of  gly- 
cogen, 140;  living  and  dead,  4;  de- 
tection. 20;  in  urine,  894-898;  quan- 
titative estimation,  21;  in  the  urine, 
899;  absorption.  227,  229;  passage 
into  the  urine,  894-899;  heat  of  com- 
bustion, 471-478;  digestibility  of,  in 
gastric  juice.  182,  188.  190. 

Protein  bodies,  1&-40  (see  various 
bodies). 

Protic  acid,  256. 

Protocatechinic  acid,  in  body,  865. 

Protoplasm.  42,  52.  58. 

Pseudocerebrin.  276.  277. 

Pseudomucin,  84;  properties,  289. 

Pseudozanthin,  258. 

Purple,  825. 

Purple  cruorin,  72. 

Pus.  127-180;  blue  pus,  180;  pus  in 
urine.  404. 

Pus-cells,  127,  128. 

Pus-serum,  127. 


^H    fio8                                                  ^^^^^^H 

^H             tinal   juice,    107:    pAocrealic    juice. 

Sugar  test  in  tbe  urine,  411. 

^H               301;  saliva.  171.  174;  bebaviot  in  the 

^H               nomach,  1B7. 

urine,  neutral  or  acid,  378. 

^H          tStnrvatJOQ.  acUon  uo  tbe  blood,  110. 115; 

Sulpbur-metbtemoglobio.  75. 

^B               oflndiL-mi,  21S.  300;  paocieatic  juice. 

169,170,173;  in  urine,  87B. 

^1              199;  on  the  eliminalioD  of  pb«ii.jl.  319; 

Sulphuric  acid,  ethereal  and  sulphate 

^H            on  the  cxcliauge  of  material,  443-149. 

sulphuric  acid;  In  urine.  363;  eslima- 

^H          SUTvatlon  cures.  4tHI-4e2. 

lion.  382:  in  sweat,  82«.  elimiuaUon 

^H          tilarvBllou  diabetes.  407. 

^M         Htearic  add.  244. 

^H           Htearin,  248,  244. 

^H          StercobiliD,  158.  233. 

Sulphuretted    hydrogen,  in  iniostiual 

■           bU'lhsl,  250. 

putrefaction.  216,  31S;  in  urine,  376. 

^B            Btumocb.  importaoce  ol,  [d  digeslioD. 

Supra-renal  bodj.  134. 

H                191;  Mlt-digestion.  193;  digeatJOD  in 

Sweat,   828;  secretion.   327;   action   oo 

^B               Uie  stomacb.  186-191. 

the  urine.  333,  335,  386.  3d7- 

^H           Siomaub,  calarrb,  193. 

Sjnovial  fluid,  13«. 

Syntheses.   I.   2,7.  135,   140.   217,248. 

^M           Stomiicb -fistula.  175. 

349.  336,  850,  S60,  363.  366.  390.  893. 

^H          Biomacb.  glands  of,  175. 

Syntonin.  24;  from  muscles.  256. 

Sympalbetic  saliva,  166. 

^H           Streptococcus,  behavior  la  gastric  juice. 

Tartaric  acid.  338. 

^H               193. 

Tartar.  174. 

^H         Stroma  of  the  blood  corpuscie*.  6fl;  of 

Talalbumin,  2M. 

^1              the  fflusclea.  2S5 

Taurin,  151 ;  behavior  in  Ibe  body.  389. 

^H         Stromnfibrin,  67. 

Taurocarbamlnic  acid,  389. 

^H          Slrycbnio,  passage  Into  tbe  urioe,  893. 

Taurocholic  acfd,  147.  148;  quantity  lu 

^1         UuhliDgual  saliva.  169. 

various  animal  biles,  158:  decompo- 

^M         Sublingual  glauil.  167. 

sition  in  the  iulestiues,  219. 

^M         Submnxillary  gland.  167. 

Tea.  acUon  on  the  eicbange  of  material. 

^H         Siibmuillary  mucin,  32. 

487. 

^H         Submaxillao' saliva,  168- 

Tears.  288. 

^V         Succinic  add,  in  Iratwudations,  121-126; 

Teeth,  241. 

J^*             In  spleen.  131;  in  thyroid  gland.  138; 

Tkichuass'b  crystals.  78.  79. 

piisaage  into  Ibe  urloe.  374;  In  sweat, 

Tension  of  the  cariran  dioxide  in  blood. 

828. 

103-106;   in  tbe  lymph.  118;   of  Uie 

^L        Sugar,  formation.  In  the  liver.  141.  143; 

oiygen  in  the  blood,  100-103. 

^^1           after  tbe  eilirpallon  of  the  pancreas, 

Ttrpcutinc,  action  on  the  secretion  of 

^B 

bile.  144  :  on  tbe  urine,  394  .  b«li«». 

^^H       Sugar,  in  stomach,  186;  absorption,  320. 

lor  in  tbe  body.  375. 

^^M          331.  233;  relation  to  muscular  acllv- 

^H          Ity.  36S-W8  (see  various  varieties  ot 

Testicles.  38S.                                                 M 

^B        ragan. 

Tetanin.  U.                                                    ■ 

INDEX. 


509 


TetroneiythriD,  88,  825. 

Thallin,  actioD  on  the  urine,  8M. 

TheobromiD,  48. 

Theophyllin,  48. 

Thyreoprotein,  188. 

Thyroidea,  188. 

Thyroid  gland,  188. 

Thymus,  182. 

Ttesuefibrinogen,  88,  90. 

Tissue-proteids,  457,  458. 

Toluic  acid,  892. 

Toluricadd,  898. 

Toluol,  behavior  in  the  body,  880, 
891. 

Toluylendiamin-poisoning,  162. 

Tonus,  chemical,  of  the  muscles,  264, 
469. 

Tortoise-shell,  85. 

Toxine,  11. 

Transudations.  117,  121-127. 

Transudations  in  the  intestine,  225. 

Tribrom-acetic  acid,  17. 

Tribromamido-benzoic  acid,  17. 

Trichlorbutyl-alcohol,  behavior  in  the 
body,  890. 

Trichlorbutyl-glycuronic  acid,  890. 

Tricblorethylglycuronic  acid,  390. 

Trinitroalbumin,  17. 

Triolein,  245. 

Tripalmithi,  245. 

Triple  phosphate,  in  urinary  sediments, 
480;  in  urinary  calculi,  480,  482. 

Tristearin,  245. 

Trommsb's  sugar  test,  409, 411 :  behav- 
ior to  glycuronic  acid,  875;  uric 
acid,  854;  creatinin.  848. 

Tuberculosis  virus,  behavior  with  gas- 
tric juice,  192. 

Tubo-ovarial  cysts,  291. 

Tunicin,  828. 

Turacoverdin,  825. 

Turacin,  825. 

Trypsin,  201,  204;  action  on  proteids, 
205;  on  other  bodies,  88,  210,  211. 

Trypsin  digestion,  influence  of  various 


conditions  on  the  same,  205,  206; 
products,  206. 

Ti^psin-zymogen,  200,  211,  212. 

Typhotoxin,  11. 

Tyrosin,  properties  and  occurrence, 
208;  in  urine,  424;  in  sediments,  424, 
480:  detection,  209.  424;  origin.  16, 
85,  206.  216;  behavior  in  putrefac- 
tion, 860.  868;  in  the  body,  891,  892. 

Tyrosin-sulphuric  acid,  282. 

Uraemia,  blood,  115;  bile,  158;  contents 
of  the  stomach,  198;  sweat,  828. 

Uramido-acids,  828. 

Urates,  854;  in  sediments,  882,  428. 

Urea,  886;  elimination  in  activity  and 
in  rest,  267,  268,  467,  468;  hi  starva- 
tion, 444;  in  children,  470;  in  disease, 
887,  888.  888;  after  various  foods, 

887,  454-467;  secretion  of  urea  after 
meals,  458;  properties  and  reactions, 
889,  340;  formation  in  the  organism, 
888. 839;  quantitative  estimation.  841- 
847;  splitting  by  ferments,  840,  427; 
synthesis,  886,  888;  occurrence,  887. 

Ureids,  16. 

Ureometer,  of  Esbach.  846 ;  of  Dorb- 
MU8,  846. 

Uric  add,  850;  relation  to  urea.  860. 
851;  properties  and  reactions,  358. 
854:  formation  in  the  body,  352,  358: 
relation  of  the  spleen  to  the  same 
132,  352;  quantitative  estimation. 
855.  356:  synthesis,  360;  behavior  in 
the  body.  851;  occurrence,  851;  in 
sweat,  828;  in  sediments,  882,  427, 
428. 

Uric-acid  calculi,  481. 

Uric-acid  sediments,  882,  426-480. 

Urine.  330-483;  secretion.  385.  886. 
constituents,  inorganic,  877-385; 
poisonous,  11.  376;  organic,  patho- 
logical,  894-426:  physiological,  836- 
877:  casual,  888-396;  color.  832.  369. 

888,  894,  405,  406;  solids,  calcula- 


^V     010                                            niDBX.                                               ^^^1 

^H           tloDS  of  tbe  Mme,  387:  fenueDtaUoD, 

^H            alkaliue,  374,  437;  acid  fenneutatlon, 

222. 

^m             437;   gases,  366;   quaotily,  386,  887. 

Vernii  caseoaa.  836. 

^1             888:    pbyafcsl    propcKies,    381-336; 

Visual  red.  280. 

^H             reaction.  832.  427;  degree  of  acidity. 

VUual  purple,  280. 

^H            332,   333:  determiualion  of  ticidily. 

Vltellin,  14;   in  the  ^g-yolk.  292;   In 

^H             S34:  Bpeclfic  gmvlty.  33iS-387;  deter- 

^^1             minatinn  of,  336;  paasage  Of  foreign 

Vitellolutein,  2M. 

^1             bodies.  388-304;  conipositlon.  388. 

Vitellorubln.  294. 

^B        UriDury  calculi.  4»M»3. 

Vitelloses,  37. 

^V          Urluary  coloring  matters.  380-874,  405. 

Viliwiis  humor,  334.  288. 

■          4oe. 

■            tJriuary  indican.  466,  467. 

Water,  drinking,  action  on  Ihe  elimina- 

^^        UHimry  indigo,  160.  467, 

tion  of  chlorides,  377;  of  urea.  887. 

^B          Urinary  Band,  480. 

465;  on  the  accumulation  of  fat,  465; 

^1        UHuometer,  336. 

ou  tbe  secretion  of  bile,  144;  on  Ibe 

^1        Urobilin,  S70.  371:  relation  to  bilirubin. 

secretion  of  urine.  885-387. 

^H             IS3,  lei.   370;  to  choletelin,   371:  to 

Water,    eliniitiaiioa     by    the     uriue. 

H            tueuatin.  161,  162,   371;  to  hB^mnio- 

385-387,  438:  by  tbe  skin,  337.  438: 

^H             porphyrin.  371:   lo     hydrobilinibln. 

in  slarvalion,  447;  importance  for  Ibe 

^H             871;  properties,  S70-378. 

body.  44B:  aniouut  of.  in  the  organa. 

^H         Urobilin  icterus,  871. 

449;   lack  of  water  in  tbe  nutrition. 

V        Urobilinogen,  869,  870. 

449. 

^1         Urobilinoidln,  371. 

Wliey.  812. 

■         Urocanic  add.  S77. 

Whey  albumin,  305. 

H        Urocblomlic  acid,  800. 

Wliile  of  Ihe  ben't  egg.  294. 

^H        Urocbrora,  373, 

Wiich's  milk,  316. 

^H        Urocyanin,  870. 

Woman's  milk,  see  Human  mlllt. 

^1        UroerytbriD.  373,  403. 

Wool-fat,  328. 

^H         UrofusrohiemallD.  408. 

^H        Uroi;lauc[n,  870. 

of  chlorine.  877;  on  Ibe  eiclmnge  of 

materia).  267.  868.  467,  468. 

H         Unibodin.  370 

H         Urolciidc  acid.  S65, 

Xanlbin.    properties    and    occurrence. 

^H        Uromclanlne.  370. 

49;    in   uriue,    3.^9;   in   urinary  sedi- 

^B       Uruph«ein,  870. 

ments,  430:  quantity  in  the  liver.  1.17; 

^B          UroroHi'lo.  870,  403. 

in  pancreas.  2O0;  detection  and  quan- 

^B        Urorubin.  870. 

titalive  estimation.  SI.  82,  859. 

Xanlhin  hollies,  general  on  Ihe  impor- 

^^ft   UroMwIitb  stone.  t.-JS. 

tance  and  occurrence.  47. 48;  in  blood 

^V   '  "-.utbtu,  see 

in  ieuctemia.  48:  in  uriue.  359:  rela- 

^^M                   ■'^rik.  298. 

tion  to  muscular  actlvlly.  269:  s[epa 

^^^^V                      843. 

Xanlhin  alones.  433. 

^^^^^^1                Mllsof,  lnlheurlne.334. 

Xunlbocreatinln,  258,  850. 
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XanthophaD,  282. 
Xanthoproteic  add,  17, 20. 
Xantboproteic-acid  reaction,  20. 
Xylol,  behavior  in  the  body,  802. 

Tolk,  of  hen's  egg,  291. 
.  Tolk,  membrane,  291. 


Zinc,  in  the  liver,  187;  passage  into  the 

milk,  820. 
2k)5erythrin,  825. 
ZoOf  ulyin,  825. 
ZoOrubin,  825. 

Zymogens,  see  various  enz3rmes:  Ren- 
I     net,  Pepsin,  and  Pancreatic  enzyme. 


SPECTRUM    PLATR 

1.  AbflorptioD  gpectrum  of  a  solution  of  ostyluBmoglMn, 

2.  Absorption  spectrum  of  a  solution  of  Jiamoglobin,  obtained  by  the  action  of 

an  ammoniacal  ferro-tartrate  solution  on  an  ozybsemoglobin  solution. 

3.  Absorption  spectrum  of  a  faintly-alkaline  solution  of  fnethoBmoglofrin, 

4.  Absorption  spectrum  of  a  solution  of  hamaUn  in  ether  containing  oxalic 

acid. 

5.  Absorption  spectrum  of  ao  alkaline  solution  of  hamaUn, 

6.  Absorption  spectrum  of  an  alkaline  solution  of  hamoehrcmogen,  obtained  by 

the  action  of   an   ammoniacal  ferro-tartrate  solution  on  an  alkaline- 
haematin  solution. 

7.  Absorption  spectrum  of  an  acid  solution  of  urobilin. 

8.  Absorption  spectrum  of  an  alkaline  solution  of  urobilin  after  the  addition  of 

a  zinc-chloride  solution. 

9.  Absorption  spectrum  of  a  solution  of  lutein  (ethereal  extract  of  the  egg-yolk). 
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